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EXECUTIVE SUMMARY

The environmental fate and effacts of brass were investigated for tha two principal routes of
exposure, namely airborne deposition of brass and brass/fog oll obscurant mixturas, and via soil
amendment to simulate soil weathering and potential impacts from soil daposiiion. Aerosols
containing brass were generated and characterized, and deposition to both: - ‘iar surfaces and
solls was determined. Impacts of deposited brass were assessed on the basis of both contact
toxicity and plant absorption from solls, Soil amendment studies wera performed to ascertain
weathering rates and the effects of brass concentration on both plant growth and soll microuvial
processes. In addition, soil columns ware employed o determine whether brags weathering
influenced the migration of Cu and Zn through soil profiles.

In these studies, brass aerosol mass concentrations ranged from 132 to 177 mg/m3 during
the brass only (BR) wind-speed tests, wera approximately 90 mg/m3 during the brass range-
finding tests, and ranged from 19 to 83 mg/m3 during the brass/fog oil (BR/FO) wind-speed tests.
Results of particle size distributions indicated an Aerodynamic Mass Medlam Diameter (AMMD)
for brass aerosols of about 5 to 6 pm,

The deposition velocity (Vg ) of brass alone to follar surfaces Increases with increasing
wind speed, and ranged from 0.1 cmv/s at 0.9 m/s (2 mph) t» 1.0 cnv/s at 4.5 m/s (10 mph).
Intarcaption or collection efficlency was higher for sagebrush than for the other plant species. The
deposition valocity of brass deliverad as BR/FO aerosols ranged from 0.3 to 60 om/s for follar
surfaces, and is substantially greater than obsarved for brass alona. Daposition to bush bean
and tall fescue follage Is nearly an order of magnitude (ess than for sagebrush and pines. The co-
deposition of the fog oll to the leaf surface apparently either acted to prevent resuspension of the
deposited brass or had an effect on brass agglomeration, increasing its effective size and
deposition rate.

Contact toxicity of brass alone was not observed at mass loading rates of up to 700 pg/cm2,
Exposurae of plants to aerosols containing BR/FO resulted in moderate toxicity, but this Is assumed
to be the result of the FO and not the brass. Brass deposition to foliage has only a short-term
minimal effect on plant gas-exchange processes, and Is belleved to result from the shading effect
of follar deposited brass. Similarly, dry matter production in brass-contaminated plants is
reduced, and Is believed to result from the shading effect. No residual effects of sacond-harvest
blomass production were noted following brass deposition, indicating no significant weatharing
and foliar absorption of Cu or 2n.

The pH of soils receiving brass daecreased with increasing amendment level and time of
incubation. The pH of soils increased by 0.8 to 1.0 pH units over the 440-day incubation period.
Selective extractions were employed to evaluate brass weathering and to determine the fate of
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solubilized Cu and Zn. In general, the amount of extractable Cu and Zn in soils increased by 100
days post-amendment and changec: little by 440 days. In the intervening period, weathered Cu
and Zn likely become tightly sorbed to nonexchangeable sites. This process results in some
disruption in the extractable quantities of other ions in soil. Most notably, P decreases, while
ammonia and nitrate concentrations increase; this likely results from a disruption of soll microbial
processes.

Seed germination studies with bush bean, alfaifa, and tall fescue indicate no effacts of
brass at any of the concentrations employed or after up to 450 days of weathering. However, after
160 days of solil incubation, plants developed visual toxicity symptoms which included necrosis
and chlorosis. Only moderate damage was noted for concantrations of 500 ug brass/g and less.
In general, the toxicity of brass, based on visual symptomology, became more severe with
Increasing incubation or weathering time. Blomass production in plants reflected the soil
concentration trends for visual symptoms, in that severa dry-weight reductions were obsarved at
soil concentrations of >500 pg brass/g soil. The concentrations of Cu and 2Zn in plant tissues were
proportional to soll brass lavels. Analysis of the nutrient ion concentrations of tall fescue grown
on brass-amended soil showad that the elevated soil concaentrations of Cu and Zn caused the
tissue concentrations of Mg and Mn to increase by a factor of 2 to 3, levels of Fa to increase by a
tactor of 7 to 100, and P levels to decrease by a factor of 210 3. This disruption in ion

homeostasis can account for the observed phytotoxicity of brass. Similar ion imbalances were
not obsarved for bush bean.

The degree of brass flake impact on soll microbial actlvities was dependent on soil type,
brass concentration, and the microblal index studied. Solls with higher organic matter and cation
exchange capacity (CEC), such as the Cinebar soll, tended to be lass impacted by the brass flake
than soll with lower organic matter and CEC, such as Burbank soll. Organic matter In soils can
adsorb and bind heavy metals, depending upon pH. The soll organic matter aiso contributes to
the CEC of the soll, thereby Influencing the bioavailability, and henca, toxicity ot deposited heavy
metals. The greater the CEC of the solil, the greater is its ability to adsorb and immobilize heavy
metals and to reduce their toxic effects. The CEC and organic matter of the soils used in this
study can be ranked as Burbank < Palouse < Palouse + OM < Cinatar. Thus Burbank soil, with

its low CEC and low organic matter content, was shown to be most impacted by the brass flake
exposure.

Impact of brass on soll microblal activities increased with Increass in brass concentration.
Concentration above 500 ug/g caused severe inhibition of several soil microbial activities,
especially soil dehydrogenase, which was diminished to below detection. Soll dehydrogenase,
or the activity of the solil microbial community was more suscaptible to the toxicity of brass flake
than was soll phosphatase or soll microbial biomass, which were moderately affectad by the
addition of brass flake. Soll nitrifying bacteria and total heterotrophic bacterla In general were not
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significantly affected by the brass flake. Among the soil microbial parameters studied, impact
ranking was soil dehydrogenase activity > phosphatase activity > microbial biomass > microbial
population (total heterotrophic and nitrifying bacterla) ~ microblal species diversity index. When
soil was exposed to a mixed smoke containing brass flake and fog olil, the deleterious effect was
less Intense than In soil exposed to brass only, suggesting a beneficial synergistic effect of fog oll.

Brass flake deposited to soil has only a slightly deleterious effect on the earthworms at
mass loading levels of > 445 ug/cm?2, Exposure of earthworms to BR/FO aerosols at mass loading
rates of 200 pg brass/cm2 had no effect on survivability, and only moderately atfacted tactile
activity. Thus there Is no indication that fog oil amelicrates or Intensifies the effacts of brass.

Brass flake was neutron-activated to produce a €5Zn tagged brass and was applied to
column surfaces to determine the mobility of weatherad soluble constituents using Zn as the
indicator ion. Based on analysis of the indlicators of migration it is clear that appreciable
downward migration of Zn, and likely Cu, does not occur to any great extant over the period
employed (440 days). Although slight differences in migration rates was noted fo. the four solls, It
Is clear that the CEC of thase solls Is effective in retarding seclubilized brass constituents. For
Cinebar soil, leached with pH 6.5 versus 4.5 rainwater, no significant ditferences (P20.1) are
noted in migration; this likely indicates that the added acidity did not exceed the buffering capacity
of the soll,
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1.0 INTBORUCTION

The U.S. Army has deployed a number of smokes and obscurants to visually mask
the movement of troops and vehicles during combat. Effective training scenarios for our
armed forces require that troop maneuvers simulate, as closely as possible, the conditions
most likely to be encountered under live combat situations (e.g., hardware, weapons fire,
terrain, weather, vegatation, and smoke concentrations). Within the framework of the training
operations, the Army has a regulatory responsiblility to ensure that the use of smokes and
obscurants does not adversely affect the healith of local residents, or the environment, both
on and near the training sites. The environments of these training centers range from high
deserts to semitropical forests, thus complicating this responsibility.

The Health Effects Research Divigion of the U.S. Army Blomedical Research and
Development Laboratory (USABRDL) has been assigned the responsibility of determining
the potential environmental effects associated with using smokes and obscurants In training
and testing. As part of USABRDL's planned program in responsa to this concern, the
present study was designed to evaluate the transport, the chemical transtormation, and the
terrestrial ecological effects of several of the smokes currently used in training throughout te
United States. The present study expands on prior field studies in two major aspects. First,
smoke and obscurant testing |s conducted within a special recirculating wind tunnel thai
ensures containment of the smoke and allows simulation of a varlety of environmental
conditions (l.e., varying wind speeds, mass loading/dose, and simulated rainfall under
controlied conditions of temperatures and lighting), under dynamic exposure conditions.
Secondly, the use of controlied and selected conditions permits elucidation of complex
chemical processes including weathering and bioavalilability of associated obscurant
contaminants.

The USABRDL has two primary reasons for avaluating the environmental effects of
smokes/obscurants used during troop maneuvers and training:

+ to ensure that obscurants do not permanently changse, damage, or alter
vegetation and solils at training sites such that the sites no longer simulate a
specific combat terrain

« to comply with the National Environmental Policy Act (NEPA), which requires an
Environmental Assessment be conducted before smokes and obscurants are

used during training missions within U.S. territorial boundarles.
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it should be noted that the heaith and environmental effects of Army smokes and
obscurants have been studied intensively over the past 30 years; these research afforts have
recently been compiled and reviewed by Shinn et al. (1985). In general, research into the
effects of obscurant smokes has concentrated on animal and aquatic toxicity, with relatively
little effort being expended in understanding soil/plant or ecological effects. The vast
majority of the efforts used direct artificial dosing of organisms or aqueous amendments of
suspected toxicants. While this may be appropriate and necessary in many instances, it may
not be appropriate in developing an understanding of the potential impact of the recurrent
use of obscurant smokes at heavily uged training sites, mainly because there is no
established correlation between 1) airborne smoke/obscurant concentration, deposition on
soils and plants (duration and physical parameters affecting deposition), and 2) the uitimate
effect, environmental deterioration.

Because the obscurant smokes currantly In the U.S. Army arsenal are used in various
combinations, under & variety of training situations, over diverse terrains and vegetative
communities, concerns have focused on potential synergisms and antagonisms of the
smokes on local environments. The fate and affects of individual smokes (RP, WP, FO, and
HC), and smoke combinations (FO/HC/WP, FO/HC and FO/WP) were Investigated previously
using controlled wind tunnel methodology (Van Vorls et al. 1987; Cataldo et al. 19889;
Cataldo et al, 1980a, and Cataldo et al. 1980b). The following studies will describe the
behavior and potential impacts of brass and brass/fog oll on a variety of environmental
components.

1.1 BEVIEW OF THE ENVIRONMENTAL BEHAVIOR OF BRASS AND ITS MAJOR,
CONSTITUENTS, Zn AND Cy

Normal Cu concentrations found In golis range from § to 150 ppm, a value of 50 ppm
representing a typical surface soll (Bowen 1878). For Zn, the normal range Is 10 to 250 ppm,
with a typical value of about 100 ppm. Major natural sources of Cu are sulfide and hydroxy-
carbonate minerals; for Zn, major sources are sulfide, oxide and sllicate minerals (Brady
1974). Both Cu and Zn are essential piant micronutrients that are required In relatively
small amounts. Cu functions during chlorophyll synthesis and carbohydrate and protein
metabolism, is a catalyst for respiration, and is an enzyme constituent. Zn is required during
formation of growth hormones, and for promotion of protein synthesis and seed production
and maturation. On a relative scale of elements needed by alfalfa at bioom stage, Mo
ranked as 1; Cu ranks 30; Zn 70; Fe 300; and Mg 20,000 (Brady 1874). Cu functions during
chlorophyll synthesis and during carbohydrate and protein metabolism, and it is a catalyst for
respiration and an enzyme constituent. Zn Is required during the formation of growth
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hormones and for promoting protein syntheslis and seed-production and -maturation.
Normal levaels in plants are 3 to 20 ppm Cu and 10 to 200 ppm Zn; above these values,
toxicity begins to occur.

Beagulatory Constraints

EPA water quality criterla recommendations are listed in Table 1.1. Both Cu and Zn
freshwater toxicity are dependant on water hardness; values listed are for 100 mg/L
hardness rating (EPA 1987). Typical concentrations in U.S. water supplies are 0 to 600 ppb
Cu and 60 t07000 ppb, respectively (Rubin 1874). No contaminant limits have been
established for solls because of the wide range of endogenous soil concentrations based on
solil origin, and the wide range of soil sorptive capacities. Thus, the rates of brass
weathering and solubllization in soils, the impact of these processes on the migration ot Cu
and Zn to surface waters, and the levels at which adverse biotic effects are noted, become
Important in setting guldelines for training Installations.

JABLE 1.1. WATER QUALITY CRITERIA FOR Cu AND Zn

Water Cu Zn
Conditions (ugramil.)
Fresh, acute ® 18 120(®) 320
. Fresh, chronic (a) 12 110(0)
Marine, acute 2.9 85
Marine, chronic 2.9 86
Drinking Water (9 1000 5000

@) In 100 mg/L water hardness as CaCO,.

(®) vaiue stated on wall chart distributed by EPA based on EPA 440/5-86-001.
(©) valus in text of EPA 440/5-86-001,
d) For taste and odor quality only; Insutficient data for detormination of potential toxicity to humans.

The composition of brass flake used by the military is nominally 70% Cu, 30% Zn, and
1% minor trace metals. A trace amount of stearic or palmitic acid is used as a coating.
Particle size is reported as 1.7 micron dlameter, with thickness of 0.08-0.32 microns (Wentsal
et al. 19884, and others). Although Cd is a common impurity In Zn (Rubin 1974), initial
dissolution of brass flakes at PNL did not reveal detectable levels. Nevertheless, the
preferred analysis method inductively coupled argon plasma emission spectroscopy (ICAP)
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for the proposed studies wiil allow for simultaneous monitoring for all the metal components
of interest (Cu, Zn, Fe, Al, Cd).

Soll Behavior of Brass, Coppar . and Zing

Because of thair micronutrient status, both Cu and Zn sorption by soil and plant
avallabllity have bren extensively studied. Generally, decreasing pH results in increased
plant availability or Zn, but had no correlation with Cu avallability. The difference was
attributed partially to the marked selectivity of certain cation-exchange sites for small
quantities of Cu (Black 1968). At high pH values, excess Cu would be removed by
mineralization. Organic matter is a well-known sink for Cu, particularly in coarse-textured
solls, as demonatrated in a recent study (Sims 1887). In this study, Cu occluded to Fe-oxides
was a secondary reservoir of soll Cu, Zn avallability for plant uptake could be correlated to
the exchangeable fractions in a selective extraction procedure; however correlation of
avallability of Cu with pH or soil properties was shown to be much poorer.

Most studies of Cu and Zn amendment to soils are based on addition of the trace
elements either in fertilizer or in sewage sludges or other complex industrial wastss. In
contrast, the brass weathering studies described here provided controlled matrix conditions
(soll pH, organic matter amendment, pH of irrigating waster, etc.) required for correlating
resuitant effacts of mobilized Cu and Zn on microbial systems and plant uptake.

A review of the literature related to the environmental fate and effects of brass at
training and testing facilities falled to produce any data related to the airborne deposition
and impacts of brass. However, a serles of CRDEC publications (Wentsel 1986; Wentsel et
al. 1986a, 1986b; Wentsel and Guelta 1986a, 1986b) have addressed the effects and fate of
brass materiel amendad to soils and and their impacts on vegetation. In ganeral, effects for
both terrestrial and aquatic systems have shown that the weathering of the submicron fiakes,
and release of soluble Cu and Zn, which comprise 99% of the brass mass (70 and 30% for

Cu and Zn, respectively), account for the observed biotoxicity and mobility of soluble Cu and
Zn In solls.

Solls amended with 20 mg brass/g s0il, and weathered for up to 8-months showed
solubllization and soil mobility of bioavailable forms of Cu and Zn (Wentsel and Guelta
1986a) to be dependent on soll characteristics. Low CEC (cation exchange capacity), pH
4.8 soils having 1.3% organic matter (OM) showed extractable Cu to be elevated by 2 to
14%, and Zn by 10%, after 8-months of incubation. In soils having a similar pH, but higher
CEC and OM (3.6%), substantially less solubilization and downward mobility of Cu and Zn
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was observed. Thus, the solubility and mobility (weathering) of Cu and Zn is influenced by
pH, CEC, and OM content of soils. A need exists to evaluate a wider range in soll type, with
particular emphasis on pH and OM content.

Blotic Effects of Brass, Copper, and Zing

Plant Effects. The severity of observed plant effacts will also be affected by which
variety and/or species of plants exposed to plant available forms of the materials. Bowen
(1987) has reported significant ditferences in the ability of the roots of ditferent specles such
as rice and tomato to accumulate Cu and Zn from solutlon cuitures with even larger
differences evident between different cultivars of each species. When he applied the
material to the leaf blades, however, no differences were avident betwean the two cultivars of
elther species, perhaps Indicating a more mobile form of the lons may be produced in the
roots. The ions are freely mobile within the plant and in some species such as cattall
(Typha latifolig) preferentially accumulate in the shoot when exposed to elevatad levels in
the soil (Babcock et al. 1983).

Recent work Indicates that the majority of Cu and Zn In the plant is In a conjugated,
organic ligand form (Reese and Wagner 1987). Mullens et al. (1988) have reported that Cu
and Zn were transported in the xylem and phloem In the forms of Zu-glutamine and 2Zn-
alanine with less than 1% as the free lon. Once within the plant cell, they are reported to be
frequently bound to phytochelating, another group of heavy-metal-binding peptides whose
gpecific function Is to accumulate, detoxify, and metabolize of the metals (Qrill et al. 1987).
Within the plant cell Cu is associated metabolically with such metalloenzymes as diamine
oxidase, polyphenyl oxidases, and cytochrome C oxidases (Delhalze et al. 1986), while Zn
Is reported to be associated with over 80 other metalloenzymes (Vallee 1978).

Toxic levels of these metals are generally reported to induce chlorosis, depression of
photosynthesis and respiration, and inhibition of root growth particularly with Cu (Foy et al.
1978). These Investigators also report that Cu Induces Fe deficlency by inhibiting the
translocation of Fe from roots to tops (Foy et al. 1978).

The two metals also may have a toxic synergistic interaction. Excess Cu or Zn (42
1g/g) reduced yields In bush bean by 6% and 17% respectlvely when applied singly in
nutrient culture while a combination of both reduced yleld by 38% (Wallace and Berry 1983).
More recently, it has been shown that both metals can inhibit various portions of
phytosynthetic electron transport. In cyanobacteria, elevated levels of Cu apparently affect
the cytochromes between PS | and Il in the chloroplast electron-transport chain, while Zn
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affected the electron donor sites between HyO, and ascorbate on the oxidizing side of PS |,
(Singh and Singh 1987). Similar responses may also occur in higher plants.

Wentsel et al. (1986b) evaluated plant effacts of brass flake amended to soils at levels
of 0 to 1600 ug brass/g. In general, plant effects were observed for acidic, low CEC and
-OM soils at levels as low as 80 ppm. Effects appear to be dependent not only on
solubllization rates for brass, but also the capacity of soils to fix or insolubilize Cu and
possible Zn. These studies inherantly need to resolve short-term impacts from longer-term
weathering processes and subsequent soil mobility. Also, no data was available with
respect to subtoxic bioaccumulation of Cu and Zn into tissues, which Is important in
assessing food chain transfer of potentially toxic contaminants such as Cu.

Soll Microbiology. While numerous studles have examined the effects of heavy
metals on soll biotic processes, studies on the fate and effects of brass are limited. In one
serles of studies (Tyler 1974, 1881) soll respiration and phosphatase activity decreased in
solls containing higher soluble Cu and 2n levels from a brass foundry. As the Cu and Zn
concentrations In the solls increased, soil microblal activity decreased. Soluble
concentrations of Cu and Zn 3 or 4 times background lsvels ware sufficient to decrease soll
phosphatase activity. Numerous papers discuss the effects on soll microbial processes of
Cu and Zn by themselves or in combinations with other metals. Lower soll dehydrogenase
activities (7% of the control) were found near an abandoned zinc smelter. Drucker et al.
(1979) noted a decrease in soll respiration rate and number of aeroblc bacteria at soluble
Cu concentrations of 10 ug/g soll, while Zn had no effect on soll respiration rate but did
decrease aerobic bacterial numbers at 100 ug/g soll. Rogers and Li (1985), using both soll
amended with alfalfa and unamended soll, found the concentrations of Cu and Zn which
resulted in a 50% reduction in soil dehydrogenase activity to be 29 and 177 pg/g for Cu and
Zn respectively, in the amended soll, and 53 and 346 ug/g for Cu and Zn respectively, in the
unamended soll. In this short-term Incubation, the alfalfa increased microbial activity and
may have decreased soluble metal concentration.

Long term incubations with alfalfa in the soils would increase brass weathering by
increasing microbial activity, which would increase soluble Cu and Zn concentrations in the
soil solution. Increased concentrations of Cu and Zn may reduce the diversity of the
microorganisms present and lead to the selection of metal resistant strains (Tyler 1981).

Soll Invertebrates. The effects of soil amended brass on earthworm survival and
behavior was Investigated by Wentsel and Gueita (1986b). Using a standard 14-day acute
toxicity test, the LCS50 for brass powder was found to be 120 to 200 ug/g soll. Sublethal
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effects on earthworms, as measured by weight loss, were evident at soll concentrations of
120 pg/g. The highest concentration where no weight loss was observed was at 83 ug/g.
The completeness of these data will obviate any further need for analysis of earthworm
effects of brass. However, the relative toxicity thresholds of soluble Cu and Zn solubilized
from brass in a wider range of soil types may need to be assessed.

Belatad Behavior. Although the aquatic fate of brass materiel is outside the scope of
the present project, aspects of chemical bshavio: in aqueous systems are pertinent to soll
systems. In aqueous systems, the solubility of cations such as Cu depends on the rates of
formation of ionic species and insoluble inorganic salts and to a large extent on the
formation of stable organic complexes with Cu. For neutral to basic natural waters with low
OM, hydrolysis and precipitation reactions involving carbonates should dominate. Increasing
water hardness also results in decreasing toxicity, since the carbonate complex tends to be
less toxic (EPA 1987). This behavior becomes important for soil systems, from the standpoint
of solubllization, or insolubilization, since significant differences in weathering rates should
occur for calcareous vs. non-calcargous solls. The data of Wentsel (1636) clearly show the
Inverse relationsnip between water hardness (CaCQ,) and the relative rates of Cu and Zn
solubllization from brass flakes, dissolution as ionic species, and subsequent competition
between solution stebilizaiion (by complexation or chelation) and sorption/precipitation. In
the case of Cu, organic matter Is a primary complexant, causing increased or decreased
solubllity, depending on the strengths of the competing sites. For neutral to basic natural
waters with low OM, hydrolysis and precipitation reactions involving carbonates should
dominate.

1.2 PROJECT QRJECTIVES

The primary objectives of this study is to characterize the fate of aerosol and
deposited brass material currently in inventory and to assess the response of soil and biotic
components of the terrestrial environment., The physical, chemical, and biotic aspects to be
investigated will include:

1) air/surface deposition rates measured by deposition velocities in
an environmental wind tunnel;

2) foliar-contact toxicity using five different types of terrestrial vegetation
reprasentative of Army training sites and surrounding environments;

3) weathering and chemistry of brass aerosois depnsited and amended to soils,
and impacts of acid precipitatl 1 and molisture regimes on weathering rates;
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4) the influence of soil weathering processes on seed germination and plant
avalilability of Cu and Zn; and

5) the influence of weathering and contaminant solubilization on soil
microbiological communities and invertebrates associated with soils.
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20 MATERIALS AND METHODS

Tests of brass (BR) and brass mixed with fog oil (BR/FO) aerosols were conducted
using the Aerosol Wind Tunnel Research Facility. The wind tunnel facllity, operated by Pacific
Northwest Laboratory (PNL) and located on the U.S. Department of Energy's (DOE's) Hanford
Site in southeastern Washington, contains an environmental wind tunnel suitable for testing
obscurant smoke under a variety of environmental conditions. The facility, shown in Figure 2.1,
and supporting laboratories are used for research Involving the generation, transport, deposi-
tion, and charactarization of aerosols and gases in complex atmospheric environments. A
detailed description of the wind tunnel is provided in Saction 2.1. Additional information can
be found in Van Voris et al. (1987), Cataldo et al. (1989), and Ligotke et al. (1586).

In addition to describing test facllities, this section provides detalled procadural
information on exposure conditions; obscurant-aerosol ganeration and characterization:
chemical analyses; and plant, soil, and microbiological experiments.

2.1 AERQSOL WIND TUNNE( RESEARCH FACILITY

The Aerosol Wind Tunnel Research Facllity provides a combination of several
capabliities for laboratory reproduction of natural environments. Advantages of wind tunnel
tests over actual fieid tests include controlled and reproducible (on demand) test conditions,
shorter-duraticn projects, and cost-effective mathods of providing large quantities of usable
data. Itis also critically Important that field simulations be performed in the dynamic conditions
provided by wind tunnels rather than in static or stirred exposure chambers, because several
conditions are Iinfluenced by a dynamic environment. First, contaminarit aging in natural
environments may include chemical and physical transformations that may be Influenced by
sunlight, humidity, temperature, or other parameters. Second, deposition of airborne particles,
whether by diffusive or inertial forces, to various test subjects such as plants, solls, and water
surfaces Is strongly influenced by wind spaed and the flow-field characteristics generated
within plant canopies or by the boundary layers of wind over leaves and other surfaces.
Finally, the chemical fate of particles deposited on surfaces or the rate of transfer of
contaminants from the surface to the interior of plants and solls may be altered by the aging of
surface deposits under the influences of temperatura, humidity, and wind speed. Under static
conditions (i.e., chambers without uniform air flow, sither with or without temperature and
humidity control), transport, transformation, and effects of airborne matarials will likely not be
similar to those occurring In actual fleld arvironments. The dynamic conditions created in an
environmental
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Test Section

EIGURE2.1. PAgIFIC NORTHWEST LABORATORY AEROSOL WIND TUNNEL RESEARCH
FACILITY

wind tunnel provide realistic simulation of natural environments for experiments on transport,
transformation, and fate and etfects.

The facllity houses a sealed, recirculating (or closed-loop) wind tunnel, controlled-
environment plant growth chambers, instruments for aerosol characterization, and a computer
system, and it is supported by a variety of analytical-chemistry laboratories. Designed to totally
contain airborne toxic, hazardous, and radioactive materials, the facllity offers a unique capa-
bility to conduct aerosol research on such materlals in a dynamic environment simulating
natural field conditions. Computer control and data acquisition in the wind tunnel exposure
environment include temperature, humidity, illumination, wind speed, gas species
concentration, and airborna-contaminant composition and dispersion.

2.1.1 Environmental Wind Tunne|

The environmental wind tunnel is used to study the transport, deposition, and chemical
fate of airborne contaminants on physical and biological systems. The wind tunnel is ideally
suited for environmental studies, because of its large, 68-m3 (2400-#3) volume, and because it




is insulated and supplied with environmental-control systems. Temperature is controlled
betwaen 27 and ~115°C by an air conditioning system, relative humidity is controlied between
5 and 95% at most temperatures by computerized injection of water vapor via an ultrasonic
atomizer, and gas concentrations can be controlled by computerized injection and monitoring.

The wind tunnel is constructed of stainless steel and transparent Lexan® for resistancy
to chemical corrosives. A 300-psi washdown system is used to clean and decontaminate the
wind tunnel following tests. Constructed as a closed-loop systam as shown in Figure 2.2, the
wind tunnel may also be operataed In single-pass mode for many research applications by
installing a 4.5-m? (48-112) bank of HEPA filters in the return section, just upwind of a 30-hp
belt-driven fan. Because of the low pressure drop across the large area of the filter bank, the
maximum attainable speed in the primary test section is 31 m/s (70 mph) either with or without
the HEPA filters. Secondary test sections provide alternative testing locations to the 0.8-m2
primary test section; two 1.5-m? test sactions and one 2-m2 saction may be usad for large test
subjects.

2.1.2 Wind Tunnel Tast Section

The primary test section of the wind tunnel Is 6.1 m long and 0.6 m wide and tall, with
transparent Lexan walls and celling (see Figure 2.1). Mean wind speed is controllable
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EIGURE 22. CLOSED-LOOP WIND TUNNEL, AEROSOL GENERATION AND INJECTION,
AND PRIMARY TEST SECTION

¥Lexan Is & registered trademark of G:~~aral Elactric Corporation, Cleveland, Ohio,
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betweaen 0.2 and 31 m/s (0.5 and 70 mph). Uniform air flow is provided by reducing the
boundary layer at the inlet to the test section using a specially-shaped etfuser section and
turning vanes located in all corners of the wind tunnel. Velocity is uniform over the center 85%
of the test-section cross-section, and velocity gradients are typically less than 4%. Because
aerosols usually are generated downwind of the test section, mixing is complete, and uniform
contaminant concentrations are provided to test subjects. lllumination is provided to maintain
plant respiration processes; four adjustable 400-W metal-halide lamps are above the test
saction, and UV lamps are also avalilable. Plant pots and other portions of test subjects that do
not require exposure are placed below the surface of the test section within a false floor.

Isolation baffles installed on the inlet and outlet planes of the test section facliitate
tests. Upon completion of a tast, these isolators are rotated upward to seal the test section from
the rest of the wind tunnel. The air within the test section is then quickly cleared by purging it
with clean, filtered laboratory air, thus providing a controllad end-of-test or providing an oppor-
tunity to access the test section and exchange test subjects for a sacond or continued expo-
sure. During the time the test section Is Isolated, a bypass duct is operated, thus maintaining a
dynamic atmosphere in the remainder of the wind tunnel. Because the primary test section
contains only 5% of the total wind-tunnel volume, tests can be performed in series by reopen-

ing the test section and continuing testing immediately, without having to recreate the test
atmosphere.

2.1.3 Aerogol Instrumantation

An inventory of instrumentation is available to monitor the test environment and
aerosol concentration, particie size distribution and shape, and chemical composition. A
computer-control and data-acquisition system Is used to operate experiments and document
monitoring-instrument data and status. In addition to asrosol-measuring devices, a&rosol
generators for generating most types of suspended particulate contaminates are avallable.

Aerosol mass concentrations from <0.01 mg/m3 to >10 g/m3 are measured using iso-
kinetic tilter samples, laser transmissometers, and single- and multiple-particle light-scattering
devices. Physical samples are analyzed gravimetrically, chemically, fluoroscopically, or by
optical or scanning-elactron microscopy (SEM). Particle size distributions of airborne contami-
nants are measured for particles with diameters - 1ing from 0.003 to 450 um using a variety
of instrumants employing Inertial, diffusive, opticai, not-fiim, or electricai-mobillity classifying
procedures. One analyzer sizas and counts particles ramotsly using a pair of He-Ne laser
beams. That device provides several advantages: particles can be analyzed without using a
physical probe that may influence air-flow and particle-deposition patterns, airborne material
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can be rapidly (in real-time) analyzad, and the naed to remove toxic and hazardous materials
from the wind tunnel for analysis is reduced.

2.2 AERQSOL EXPQSURE CONDITIONS :

Exposure conditions were controlied within the wind tunnel. Not including trial tests,
three serles of BR or BR/FO tests were performed. Other than differences in environmental
parameters and aerosol generation and composition, general operating procedures were
similar for all tests. In addition to aerosol paramaeters, test parameters were wind speed,
duration of exposure, and relative humidity (trial tests only). Temperature was controlled at
ambient levels and was monitored, but it was not varied as a test parameter. After setting the
tast environment before each test, obscurant aerosols were generated and maintained at
roughly constant levels to provide known test conditions.

2.2.1 Exposure Environment

Alr temperature and reiative humidity were monitored using a General Eastern Model
1500 Hygrocomputer, Temperature was obtained using a ramote thermocouple probe, and
samples drawn from the wind tunnel were filtered and condensed on a chilled mirror to meas-
ure the dew point. Relative humidity was then determined by comparing air tamperature with
the dew-point temperature. The hygrocomputer was calibrated by comparing It with a certifled-
pracision controlled-draft sling psychrometer.

Lighting, provided by four 400-W metal-halide lamps, was not measured during the
tests, but the lamps praviously had been shown to provide a lighting intensity at mid-canopy
height of 500 pE/m2/s photsyntheticaly active radiation PAR (400 to 700 nm). In comparison,
typical maximum outsida lighting (overhead sun, no clouds) is approximately 1200 pE/m2/s
PAR.

Wind speed was controlled using an adjustable-spaed drive connected to a 30-hp dc
motor which In turn drove an axial fan. Mean, or average, wind speed was monitored using a
pitot-static probe connected to an MKS Inc. Baratron differential pressure transducer. The
transducer was calibrated by comparing it with a Dwyer Model 1430 micromanometer having a
certified micrometer.

2.2.2 Brass and Mixed-Brass and Fog-Oll Test Serles

Two serles of trial tests and three serles of plant, soll, and microblal exposure tests
were performad. Trial tests were performed on both BR and BR/FO aerosols, including tests of
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the Influence of low and high relative humidities on aerosol characteristics. Exposure tests
included wind-speed and range-finding tests; only a wind-speed-exposure test series was
performed for BR/FO aerosols. Table 2.1 lists each test series, individual tests in each series,
dates, aerosol compositions, and exposure conditions.

JABLE 2.1. BRASS AND BRASS/FOG-OIL TEST SERIES

—Exposure Conditions,___
Wwind Speed Relative Humnidity

Series Tosts Date Aerosol (rrvs) (%)

BR Trials BR-01 to -09 12/88 to BR 09t04.7 20to 90
BR-14 & -15 3/89

BR Wind-Speed BR-10to -13 3/89 BR 09t04.7 46

BR Range-Finding BR-16 to -19 4/89 BR 0.9 m/s 48

BR/FO Trial BR/FO-T1to-T3 8/89 BRFO 0.8t02.8 ~45
BR/FO-01 & -02

BR/FO Wind-Speed  BR/FO-03t0-07 8/89 BRFO 0.9to 4.8 47

2.2.3 Test Procadures and Measurad Conditions

The dynamic exposure environment of the wind tunnel was used for all BR and BR/FO
exposure tests 10 most closely represent particle-deposition phenomana in the fleld which are
strongly Influenced by wind-speed and air-flow patterns within plant canopies. Brass aerosols
were generated within the wind tunnal, downwind of the test section, and FO aerosols ware
generated directly into the wind tunnel at a location roughly 8 m downwind of the brass aerosol
generator (both generation mathods are discussed in Section 2.3). Exposure teats were
started about 2 min following the Initiation of brass-aerosol generation when brass particles
first clrculated the wind tunnel and were present in the test section. Generation of FO aerosols
was begun 3 min before the brass-aerosol generation to allow time for warm-up of the
generator. Target concentrations were generally achieved within the first 5 to 10 min of each
exposure. Test durations ranged from 30 to 480 min, Tests were terminated using isolation
baffles located at each end of the primary test section. Two minutes before the end of the test,
aerosol ganeration was endad, the wind tunnel fan was turned off, isolation baffles were
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rotated into position, and filtered laboratory air was passed through the test section to flush
residual brass and FO aerosol. Tests were considered ended after wind speed was stopped,

because visible residual aerosol concaentrations were flugshed from the test section within about
1 min. .

Effluent from the wind tunnel was cleaned of particulate matter using a HEPA filter
during the BR tests and a 300-cfm dual-stage water scrubber during the BR/FO tests. Material
deposited to inner walls of the wind tunnel was removed using water spray, collected, ramoved
from the rinse water using filters or separation methods, and disposed.

Table 2.2 shows the environmental and test conditions in the wind tunnel during each
test. Temperature, relative humidity, and wind speed as well as aerosol mass-concentration
data were recorded using the computer-control and data-acquisition system. Temperature and
relative humidity, excluding the two trial test series, averaged 22.1 £ 0.8°C and 48 + 2%. Wind
spead was controlled at 0.9, 1.8, 2.7, and 4.5 m/s. Test-to-test variations at each wind speed
averaged 3%. The Iinfluence of relative humidity was investigated tests BR-03 through -05;
relative humidities were 23, 86, and 46%, respectively. Exposure durations, excluding the trial
tests, ranged from 30 to 480 min. Test BR/FO-08 was terminated after 30 min to avoid the
excassive loading observed during the similar BR/FO-07 test.

23 QBSCURANT (AERQSOL) GENERATION

Obsourant aerosols of brass-flake powder and fog oil (FO) mixed with brass (BR/FO)
were generated during exposure tests in the wind tunnel. Brass test materlal was characterized
by physical density and by scanning electron microscopy. Generation procedures for BR were
developed during the trlal tests, in which the influence of genarator operating characteristics and
relative humidity were investigated. Brass aerosol size distributions were measured at two
locations in the wind tunnel. Fog oil was obtained from the same batch used during previous
obscurant tests (Cataido et al. 1988), Fog oil aerosol-generation procedures were similar to
thos@ used In previous tests, except that the aerosol was generated diractly Into the wind tunnel
rather than into a buffer tank.

2.3.1 Iest Material

Test material was supplied by the U.S. Army. Brass material was from a batch labeled
E3227. The FO used in all tests was from a 55-gal barrel designated SGF-2-3, Fog Oll, MIL-F
120708, Type SGF-2, 9150-00-261-7895, Lot #1, DLA Go00-83-C-1284, The FO was stered until
use in a cool room under a nitrogen atmosphere, to pravent oxidation and the possible
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formation of sludge. No discoloration or =ludge formation was observed when FO was removed
from the source befora the 8/89 BR/FO test series or during the tests. .
JABLE 22. ENVIRONMENTAL CONDITIONS, WIND SPEED, AND EXPOSURE DURATION '
DURING BRASS (BR) AND BRASS/FOG OIL (BR/FO) OBSCURANT TESTS
Relative wind Exposure l
Temperature Humidity Speed Duration
Test Date ﬁ'C) (%) (mvs) (min) .
ERJrials
BR-01 12/20/88 23.3%0.5 80%7 ~0.9 ~80 l
BR-02 12/30/88 2231 0.2 253 ~0.9 ~120
BR-03 1/4/89 24202 231 ~0.9 132
BR-04 1/5/89 221104 86:3 0.93 £ 0.03 ~120
BR-08 3/1/89 21,3 0.1 a5 0.97 £ 0.03 80 l
BR-08 3/1/89 204 £ 0.1 4821 4,87 £0.08 80
BR-07 3/2/69 19.7£03 4412 2,70 £ 0,01 80
BROB  3/2/89  21.3% 0. 441 0.91 + 0,03 75 l
BR-09 8/2/89 21,8402 47:7 0.91 £0.03 188
BR-14 /3089 22802 83+ 18 0.89 £0.03 210
BR.15 3/30/89 238202 56x2 0.74 £ 0,07 80 I
BR-10 8/7/89 21301 451 4.49 £0.08 80
BR-11 3/8/89 21,8 0.1 4731 2,69 0,03 80
BR-12 3/9/89 21.8 % 0.1 481 1.77 £ 0.02 80 l
BR-13 8/10/89 225+ 0.1 462 0.87 £ 0.02 80
BR-16 4/4/89 224+£02 46:2 0.88 £ 0.03 120 '
BR-17 4/5/89 234+05 4722 0.89 £ 0.03 240
BR-18 4/10/89 22204 48:3 0.87 £0.02 380
BR-19 4/11/89 228+ 04 4832 0.88 £ 0.02 480
BR/FO-T1  8/1/89 20.1 £ 0.1 B2 0.88 £ 0.01 60
BR/FO-T2 8/2/80 214101 481 1.98 £ 0.04 120
BR/FO-T3  8/3/89 222101 452 1.81 £0.02 158 l
BR/FO-01  8/4/89 224102 4811 1.84 £ 0,03 a1
BR/FO-02 8/14/89 22102 451 2,76 £ 0.03 80
BR/FO-03  8/8/80 227+ 0.1 5111 0.1 £ 0.02 8o l
BR/FO-04 8/15/89 21.0£ 0.2 4811 1.78 £ 0.10 62
BR/FO-05 8/15/89 218 0.1 4433 2,85 £ 0.11 80
BRIFO-08 8/16/89 . 21.1% 0.1 47:2 448 £0,12 30 I
BR/FO-07 8/8/89 23002 471 4.58 £ 0.10 80
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Brass material was characterized physically and by scanning electron microscopy. The
bulk density of brass powder was 1.2 g/cma. and its packing density was 1.7 g/cma. Surveys by

SEM indicated no obvious deformations of the source material caused by the generation
processes. The brass flakes, from the source material,measured as the avarage flat-face
dimension of the flakas, ranged from < 0.5 to ~20 um, with most flakes apparently ranging
between 5 and 10 um; the true number of smallar flakes was not certain, however, because of
their predominate tendency to attach to the top and bottom faces of the larger flakes and thus to
be partially obscured. Flake thickness was 0.5 £ 0.25 um.

2.3.2 Brass Aerosol Genaration

Brass-flake powder material was generated by a sonic nozzle to disperse the powder in
the air of the wind tunnel, The nozzle consisted of a 0.25-in. stainless-steel tube, through which
the brass powder was pneumatically transferred, surrounded by a concentric annular region,
through which compressed air was expanded. We experimentally determined the dimensions
of the annular region and the distance beyond the face of tha annular region that the 0.25-in.
nozzle extended. The selectad configuration was the combination of annulus and tube
extension that provided the greatest amount of static suction of the fre@ and of the tube through
which brass powdar was fed into the system. Figure 2.3 Is a schematic sketch of the sonic-
nozzle generator. An "F" drill diametar, 0.257 in., was used to provide an annular gap of 0.0035
in. The area of the annular region through which the compressed air expanded was therefore
0.0028 In2 (0.018 cmz). The extension of the 0.25-In. tube through the face of the 0.26-in. plate
through which the annulus hole was drllled was set at ~0.05 £ 0.03 in.

The sonic nozzle was attached to the top of the wind tunnel and oriented so that the
feed tube was vertical and the delivery spray of brass aerosol was horizontal and in the down-
wind direction. A conical pattern of brass aerosol therefore was genarated, expanding as the
cross saction of the wind tunnel expanded from 0.4 to 2.3 m2 over a length of 8 m immediately
downwind of the test section. The aerosol then passed through the first set of turning vanes,
past the downwind location of particle size measursment, through the axiai-fan section and
three additional sets of turning vanes, and into the wind tunnel test saction. This generation
procedure allowed the largest particles, flocs of agglomerated flakes, to settle under the Influ-
ence of gravity and be removed from the aerosol.

In additlon to :he physical geometry of the brass-feed tube and the annular reglon of the
sonic nozzle, operating characteristics of the system included control of the compressed-air
prassure and brass-powder feed rate. Compressad air was passed at pressure through a flow
meter and both the pressure and flow meter reading ware measured; pressure was maintained
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within approximately 3 psi of target values. Pressuras ranging from 40 to 95 psig were tested
and were shown to have minor impact on powdar-dispersion effectiveness and aerosol particle
size distribution (particle size was about 0.5 um smaller at 90 psi, see Section 3.1).

Powdered
oy o i
o
Food Rate
Control o . Powder Feeder
/)
§
!
§
ﬁrmpmud
Id \

Expending
Alr Turbulent

EIGURE 23. SCHEMATIC OF THE SONIC-NOZZLE AEROSOL GENERATOR DEVELOPED
TO DISPERSE BRASS-FLAKE POWDER AS AN OBSCURANT AEROSOL
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Most exposure tests were pertormed at pressures of 80 to 80 pslg. The Accurate Model
302 powder feeder proved to supply brass powder at a repeatable, nearly steady rate, and was
a great improvement over the early manual tests. The feeder contained an ~8-1 powder hopper
and a horizontal screw with a 1:1000 turn-rate control selector. The walls of the hopper agitated
the powder and provided a constant powder head to the screw. The feedar was calibrated for
settings ranging from 100 to 800 and was found to provide brass powder to the funnel at the top
of the vertical feed tube of the sonic nozzle at a repeatable rates of 0.7 to 11 g/min. Consecutive
measurements indicated an average powder feed rate repeatability of ~1% (< 3%). However, &
decrease in feed rate of 0 to 10% per 120 min occurred. This degree of feed-rate stabllity was
sufficient for generating brass aerosol for @xposure tests in the wind tunnel.

Generation of brass followed similar procedures during each tast after the first four trial
tests, when the brass faed was provided manually. The static suction of the generator was
determined pre- and post-test to ensure sufficient pneumnatic force to convey the brass powder
through the feed tube. The suctior was determined by removing the funnel and sealing the top
of the vertical feed tube; a static suction of 16 in.-Hz0 was common. The sonic nozzle was
cleanad every several tests, because we observed that microscopic deposits tended to form at
the sonic-flow annulus., This condition did not noticeably atfect aerosol-ganeration effectiveness
when brass was generated singly. The generator was operated at an Increased brass-powder
feed rate during the first 5 to 10 min of tests to provide a rapld build-up of aerosol concentration
in the wind tunnel. The feed rate was then reduced and maintained at a stable rate for the
remainder of each tast uniess a minor Increase or decrease was required to adjust aerosol
concentration.

After test BR-09 tha potentlal for resuspenslon of brass particles deposited in the wind
tunnel during previous tests was Investigated. The total amount of brass deposits in the wind
tunnel at that time was estimated to be ~1000 g. Rasuspansion and visible braas-aarosol forma-
tion occurrad only at the greatast tested wind speeds (4.5 m/g). At that wind speed the concen-
tration of resuspended brass was 8 mg/m3, and thus did not contribute significantly to most
generated brass aerosols. This otherwise invisible aerosol was obsarved as flecks of light
reflacted off of the sparse particles ac they traveled through the He-Ne laser beam of the trans-
migssometer mounted in the wind tunnel test saection.

2.3.3 Mixed-Brass and Fog-Oll Aergsol Genearation

Mixed aerosols of BR/FO were generated by operating both generators at the same
time, rather than sequentially, as mixed-obscurant aerosols of WP, FO, and HC were generated
during previous tests (Cataldo et al., 1880b). The brass generator was operated as described
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above, with minor modifications, and the FO generator was operated roughly 6 m downwind,

along the west side of the wind tunnel. The two aerosols thereby were mixed in the wind
tunnel.

Brass-genaeration rates decreased during early BR/FO wind-speed tests. The faed
tube of the sonic nozzle was found to be partially plugged with an olly substance mixed with
brass powder. This was attributed either to entrainment of FO droplets In the exit plane of the
sonic nozzle's feed tube (parhaps caused by the structure of turbulence generatad by the
expanding air from the annular region) or to the presence of fine oil droplets in the source of
compressed air. Compressed-air filters were serviced and found to ba operating normally; this
suggested that FO droplets were likely the cause of the reduced braas transport in the feed
tube. Although the sonic nozzle was disassembled and cleaned prior to all but the first two
(BR/FO-03 and -07) wind speed tests, the clogging problem continued to reduce the concen-
tration of the brass component of the mixed aerosol. A 3-cm-dlameter by 10-cm-long plastic
fiow guide was attached to the end of the sonic nozzle to prevent backflow raintrainment of FO
aerosol In the BR feed tube, nevertheless, results In the remaining three tests were mixed, and
the clogging probiem remained.

Fog oil aerosols were generated using the procedure described by Cataldo et al.
(1988). Aerosols of FO liquid were produced by vaporizing the liquid and condensing the
resulting FO vapors to form micrometer-size droplats. This laboratory mathod originally was
developed to simulate the method used in the figld: vaporization of FO on hot exhaust mani-
folds. Fog-oll liquid was pumped at steady rates from a reservoir onto a 600°C immaersion
heater contalned in the inlet end of a 1-m-long, 2.5-cm-diameter stainless-stesl tube, as shown
in Figure 2.4. Vapor from the Immersion heater was then passed through a 300°C region of the
tube and into the wind tunnel. The carrier gas was a mixture of 98% nitrogen and 4% air,
represanting the low oxygen content of tha field generation system (the carrier gas contained
about 0.8% nxygen). The flow rate of FO liquid into the genarator was controlled using a liquid
pump calibrated between 0.3 and 5§ mL/min. The flow rate was maintained at 4 mL/min for the
first ~25 min of each test to build up concentration within the wind tunnel and then was
adjusted to a steady rate of 2 mL/min for the remainder of the test.

2.4 ORSCURANT (AERQSOL) CHARACTERIZATION

Brass (BR) and mixed BR/FO aerosols were characterized during each trial and
exposure test. Measurements were made to provide data on the aerosol mass concentratlon,
and chemical analyses of data provided Information on the chemical constituents of brass
alone and of mixed aerosols. Particle size distribution was measured during each test. and
special measurements wera made to determine the influence on aerosol particle size
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distribution of sonic nozzle aerosol-generator oparating conditions, relative humidity, and
distance downwind of the generator. Surrogate-substrate deposition coupons were sus-
pended in the air flow of tha wind tunnel to provide information on the rate of deposition, or
deposition velocity, of BR and BR/FO aerosols as influenced by chemical composition and wind
speed. Proceduras for these measurements ara discussed in this section, and resuits are
presented and discussed in Section 3.1. Subsequent sections present additional information
on chemical characteristics of tha material and on test subjects.
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EIGURE 2.4. TEMPERATURE-CONTROLLED FOG OIL AEROSOL GENERATOR USED IN
CONJUNCTION WITH THE BRASS GENERATOR FOR MIXED SMOKES

2.4.1 Aarosol Mass Concentration and Chamical Composition

The primary method of measuring aerosol mass concentration was to collect represen-
tative samples of the wind tunnel atmosphere on 25-mm glass-fiber tiltar pads. These samples
were analyzed gravimetrically, and selected filters were submitted for subsequent analysis for
Zn and Cu. The chemical analyses ware especially important in determining the relative
concentrations of BR/FO aerosols. Represantative samples were obtained immediately
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downwind of the wind tunnel test section (yet upwind of the two aerosol generators) using a
sharp-edged, straight sampling nozzle having a 0.48-cm diameter and ~10-cm length between
the nozzle tip and the collector. The nozzie was operated isokinstically to effectively sample il
particlas in the aerosols, and the flow rate was controlled so that the velocity within the probe
was nearly equal to that in the surrounding test saction. Sample flow rates were controlied
using calibrated critical-orifice meters. Depending on test length, 6 to 18 aerosol concentration
samples were obtained during each test, excluding the trials. Samples were weighed to £0.05
mg using a Mattler AE163 mass balance. To limit mass loss caused by the siow evaporation
rate of the FO component of the aercsol, masses were obtained 30 to 80 s after the sample
was removed from the wind tunnel during the BR/FO tests. Selected samples wera then

contacted with 5 mL of 8 M HNO3 and then diluted with 0.01 M HNOg for a total solvent volume
ct15.0 mL.

Measurements of aerosol mass concentration were also made using a He-Ne laser
transmissometer during each test. Obscuration da‘a also were obtained at the 0.633-nm
wavelength of the laser. The laser beam was propagated horizontally across the test saction of
the wind tunnel upwind of the test subjects. These measurements were made to provide,
where applicable, a minute-to-minute racord of aerosol mass concentration. Measurements
consisted of the ratio of the transmitted versus the emitted laser power, or intensity, at each
sample interval and were racorded using the computer control and data acquisition system.
Although the systemn did not provide usable data during several of the brass aerosol tests,
because aerosol concentraticn was less than the detectable limit, the transmissometer pro-
vided usable information for some BR and all BR/FO tests. To Improve measurement reliability,
an antistatic coating was appliad to the Lexan walls of the wind tunnel test saction to prevent
particle deposition and resuiting attenuation of the laser beam. Because of Iits limited effec-

tiveness, data from the transmissometar ware not included (n determinations of aerosol mass
concentration.

The chemical compositions of BR and BR/FO aerosols were measured to pravide
information on three characteristics of the aerosols. First, the ratlo of Zn to Cu in the aerosol-
concentration and deposition-coupon samples was determined. Second, the mass of Zn and
Cu was compared to the gross mass measured using the gravimetric procedure. The brass
component of aerosol-concentration and deposition-coupon samples was determined by
comparing the mass of Zn and Cu to the total mass collected, the difference being attributed to
the FO component. Third, a few particle size distribution samples were analyzed to provide
information on the ratio of Zn to Cu and brass to FO at various particle size ranges in the
aerosols. Moisture uptake by brass aerosols was not anticipated. Sampies from test BR-04

(86% relative humidity) were checked, and were found not to contain measurable moisture
lavals.
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24.2 Aerosol Particle Size Distribution

It Is important to characterize the particle size distribution of aerosols generated for
environmental transport and fate studies, because particle size is the aerosol characteristic
most closely related to transport characteristics for particles greater than 0.1 to 1 um in diam-
eter. The particle size distribution of an aerosol may be based on particle number frequency,
aerosol mass, or other parameters such as surface area or particle volume. The particle size
distributions of the BR and BR/FO aerosols generated during the currant study were character-
ized by aerodynamic mass madian diameter rather than actual physical diameter, because the
aerodynamic diamater providad information on the Inertial characteristics of the particles.
Thesa characteristics influenced particie transport through complex flow fields such as those
that existed In the exposed plant canopies and accounted for the large specific gravities and
nonspherical shapes of the particles. Measuremaents of the aerodynamic characteristics were
especially useful for brass aerosols, because they have relatively larger aerodynamic mass
median sizes (about § um) comparad with the aerodynamic mass median sizes of other
obscurant materlals such as RP/BR, WP, FO, and HC (~1.5t0 3 um),

The size distributions of BR and BR/FO aerosols were measured using elght-stage
Andersen amblent-style cascade impactors operated at approximately 24.5 Lpm. The impact-
ors classified the sampled aerosols into nine ditferent particle size categories, ranging approxi-
mately from 0.5 to 10 um, a ranga encompassing nearly all of the mass of the sampled aero-
sols. Samples were drawn from the wind tunnel a distance of about 4 m upwind of the test
saction. in a low velocity region of the wind tunnel selected to minimize particle sampling
losses at the inlet of the impactors. The inlats of the impactors were modifled with a 1.9-cm-
diameter, 15-cm-long Inlet tube that was shaped in a gradual bend of 90°. Particulate matter
was collected on stages within the impactors, on pre-weighed 81-mm glass-fiber-fliter sub-
strate. Each impactor stage was analyzed gravimetrically, and one set of samples was sub-
mitted for chemical analysis. Losses assoclated with sampling the aerosols were documented
by comparing the aerosol concentration obtained by analysis of the impactor samples to that
determined by the Isokinatic aerosol samples.

Samples of aerosol particie size distribution usually were obtained during the middle
portions of each test, and therefore were similar. However, samplas also were obtained to
provide information on the influence on particle size distribution of aerosol-generator charac-
teristics such as operating air pressure and test conditions such as wind speed and relative
humidity. One measurement was also madae in the settiing plume from the sonic nozzle to
provide a measure of the aerosol before large agglomerated particles were lost in the return
section of the wind tunnel.
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The rate of particle deposition, or deposition velocity, to surrogate surfaces was meas-
ured to compare it with deposition velocities to plant and soil samples. Typically, eight 47-mm
glass-fiber-filter substrates were suspanded horizontally in the wind tunnel test section,
sandwiched behind and between the coils of two ~1-cm-diameter springs. The deposition
coupons were suspended at a location upwind of the test subjects. The coupons were located
at elevations of 10 to 50 cm above the floor of the test section. Deposition coupons were
welghed before and after each test, Selected coupons were then submitted for chemical
analysis. Deposition velocity was determined for each sample using the equation Ud = (1.667
X 104) x (M x A)/(Cy x At), where Ud Is the deposition velocity in cnvs, M Is the mass depos-
ited to the sample in mg, A Is the surface area of the deposition coupons, in cm2, and Cm!s the
average aerosol mass concentration In mg;/ma throughout the test duration At, In min. Surface
area was determined to be 34 cm<, the area of the top and bottom of the filter surface less the
area estimated to have been covared by the springs’ colls. Although deposits of BR/FO aero-
sols were especially heavy on the thin leading adge of the coupons to represent as closely as
possible the method used for determining the deposition rate to plant leaves the surface area
used In calculations included both top and bottom areas of the coupons.

2.5 CHARACTERIZATION OF BRASS,
2.5.1 Charical Characterization of Brass Flake

Brass flake material, labeled E3227, was used for all brass-analysis and soll-
amendment studies in addition to the aerosol tests. Repeated leaching of brass aliquots for
organic coatings with CHCl4 resulted In only minor weight loss (<0.1%), though the organic
was not absolutely characterized quantified. Moisture sorbed to the brass was nagligible
(<0.1%), by oven-drying. Direct dissolution of the brass was visually complete in HNO,
concentrations of 1 M and greater; however, there was a mass Imbalance of 8% in 1 M HNOg
and an imbalance of 18% in an aliquot initially dissolved in 6 M HNOg and then diluted (with
delonizad water) to 2 M HNO4, Since white particulate was evident, we attributed the mass
loss to precipitation/sorption processes accelerated by the aqueous-dilution step. Later
digestion dilutions were performed using 0.1 M HNO4 additions.

Single aliquots of brass (similar to those amended to soil, but without soil) were con-
tactad with H20, 0.01 M HNOg, and 0.1 M HNO4 to compare extraction efficiency. The water-
only sample was analyzed for dissolved organic carbon. It showed negligible water-soluble
organic carbon, as expected from the lack of solubility of stearic and paimitic acids in water.
Both the 0.01 and 0.1 M HNOg leachings of brass showed total consumption of the acid, while
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the pH of the 1 M solution was only roughly determined as ~0.3, or ~0.5 M acid remaining.
This means that out of the 1 M solution, assuming the brass is taken to Cu and 2n (11), ~3.1
mmoles acid was required out of a total available (in the 1 M HNOg extraction) of 10 mmoles.
Thus, 1.5 mmoles of acid was consumed by reactions other than simple dissolution of the
brass.

Total digestion of brags was done In tripiicate by concentrated-nitric-acid digestion In
Teflon-lined sealed (Parr) bombs heated at 140°C for 16 h. Samples of 0.75 g of amended
solls, contaminated plant tissues, and aerosol samples were digested in 2.5 mL concentrated
(Baker Ultrex) HNOg for 16 h, cooled, and diluted with 0.1 M HNOg to 20 mL final volume
before analysis for Cu and Zn by ICAP. As a check on extraction afficlency, a subset of soils
was aiso analyzed using only 0.5 g soil to Increase the acid-to-soil ratio and to compare with
the limited digestions of the highest-amendad solls at the time of preparation. The limited
sample size required a well-dispersed Initial soil mixture, and was the first test of the mixing
efficlency in the pot preparations.

The mass iImbalance by this approach was 5.9+0.2%. Minor components found were
Al (0.2710.03%) and Fe (0.59£0.01%). Major distribution was Cu at 87.9+0.2% and Zn at
25.310.1%, based on total digestea mass. For ease in relating subsequent analyses, it we
ignore the m:nor components and assume recovery was complete, then the percent Cu based
on the total recovery of Cu plus Zn would be 72.9+0.5% and that of Zn would be 27.1£0.5%.
The expected values as statad In the literature (Wentzel et al. 1886¢) ware ~70% Cu, ~30% 2Zn,
and <1% minor impurities.

2.5.3 Soll Extraction Mathods

Exchangeable, organically bound, and Inorganically bound Cu and Zn were deter-
mined generally following the procedure of McLaren and Crawford (1973), as Implemented by
Waentsel and Guelta (1888b). The dataction limits by ICAP for Cu and Zn are 4 and 20 ppb In
solution, respectively, in undiluted simple matrices; the interferences caused by the selsctive
extraction solutions generally ware handled by simple dilution, which results in a correspond-
ing increase in true minimum detection limit. Carry-over from one step to the next was deter-
mined entirely by mass balance, rather than rinsing, as recommended by Sposito et al. (1982).
A 0.75 g aliquot of soil was contacted with 30 mL of 0.1 M K4P207 with shaking overnight; a
separate 1.5 g aliquot was contacted with 30 mL 0.01 M CaCl, for 24 h, separated, and the
residue contacted with 30 mL 2.5% acetic acid for 24 h. Residual metal component was deter-
mined by acid digestion of the dried residues (from both the K4P207 and the CaClp and acetic
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acid extraction sequences) in Teflon-lined (Parr) bombs, similar to the analysis for total brass in
the amended scils, Since we were interested primarily in available Cu and Zn, we did not
classify the residual metals In terms of oxide, crystalline, or silicate mineral structures. The
portion extracted in CaCly Is termed exchangeable; that found in the acetic acid fraction, after
corraction for residual CaCly, Is termed inorganically bound; the difference between the
K4P207-extracted metals and the sum of tha exchangeable and inorganically bound
components Is termed organically bound.

Hot-water extraction of soll ::'uots used a 20:1 solution-to-soil ratio (0.75 g/16 mL) in
a Teflon-lined (Parr) bomb held at 104°C for 8 h and coolad prior to opening. This is a
preferred mathod for evaluating bioavailable concentrations of ions in soil. Another method of
choice, because it causes no Intrusive chemical changes to the soll system, is direct pore-
water analysis. Basioally, this method involves displacing unbound water from solis using a
nonmiscible medium (freon, in this instance). Its drawback is that it lacks suitable sample size
for detailed chemical analysis.

2.6 PREPARATION AND CHARACTERIZATION OF SQILS
2.6.1 Sall Charactaristica

Solls used in the study waere as follows: 1) Burbank fresh (collected 1988), 2) Palouse
(collected 1988), 3) Palouse plus organic matter (0.22% alfalfa), and 4) Cinebar (1888 batch).
All soils were air-dried and sleved (<2 mm) to preserve the blological activity in the frash soils;
the degree of air-drying of the 1988 collections were not air-dried to complete dryness.

Selected properties of the solls are listed in Table 2.3. The effect of brass flake on
soll microbial propaerties was investigated in three studies of four solls. The four solls used In
these studies were 1) Burbank: Burbank sandy loam (sandy, skelatal, mixed, xeric,
Torriorthent), a soll representing the desert areas of Washington, Oragon, and idaho and
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JABLE 2.3. SELECTED PROPERTIES OF SOILS USED IN THE STUDY OF

BRASS EFFECTS
Burbank Palouse Cinebar
Soil Property Sandy Loam Silt Loam Clay Loam

% Sand 45.1 1.1 35.2
% Siit 51.4 775 51.4
% Clay 4.0 214 13.4
% Ash 88.0 93.8 nd@)
pH (at 100% field capacity) 7.4 54 5.6
Organic carbon ( %) 0.5 1.7 7.2
Sulfur ( %) 0.083 0.043 nd
Nitrogen (%) 0.081 0.16 0.44
Total P (ug/g) 2400 3770 3400
Phosphate-P (ug/g) 4.8 58 28
Carbonate/Bicarbonate (%) <0.1 <0.1 <0.1
Ammonium-N (ug/g) 6.1 18.3 18
CEC (megq/100 g) 55 23.8 38.2

(a) nd = not determined

having & low cation-exchange capacity (CEC), low organic matter (OM), and a pH of 7 to 7.5;
2) Cinebar: Cinebar clay loam, a Washington forest soll from the Cascade Mountain Range
and having high OM and CEC and a pH of 6.5 to 6; 3) Palouse: Palouse slit loam (fine-silty,
mixed, mesic, Pachic Ultlc Haploxeroll), a soll typifying agricuitural soils of astern
Washington, |daho, and eastern Oregon and having moderate CEC and OM and a pH of 5.4;
and 4) Palouse + OM: Palouse soil amended with 0.22% (w/w) dried alfaifa (ground and
sleved through a 80-mesh screen).

A long-term pot study of brass-flake weatharing was initiated in July 1988. The four
solls described above wera amended with 0, 25, 100, 500, and 2500 ug brass flake/g oven-
dried soil, and brought to -0.03 MPa water potential (approximately 66% of field moisture
capacity) with distilled water. Solls were placed In plastic-lined pint cartons and covered with
black polyethylana beads to minimize surface evaporation and were Incubated at ambient
temperature in the greenhouse. The greenhouse was kept at 12,8°C (day) and 4.4°C (night)
during winter months and 26.7°C (day) and 18.3°C (night) during summer months, with a 12-h
day/night cycle.
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2.6.2 Brass Amendment and Incubation

Air-dried solls ware mixed with brass to the highast target concentration (2500 ug/g
8oil, on an oven-dry basis) and then subsampled for dilution to the next concentration
(500 pg/g) with additional soll bafore baing brought to ~86% of field capacity with glass-
distilled water. Similarly, sequential dilutions were used to prepare the lowsr amendment
concentrations. Aliquots ot both air-drled and moistened solls were reserved for analysis, and
the remainder was potted Into plastic-lined pint cartons and covered with poly beads to
minimize surface evaporation. Target weight in the cartons was 400 g soll (oven-dried);
howavar, Cinabar soil equivalent to only about 340 g would fit in the pot.

The rasaerved soll allquots ware chacked for percant moisture-and the pot welghts then
readjusted to reflect the target moistura level. The redetermined %moisture In the air-dried
soils was also used in the calculated brass concentration. Percent moistures in Burbank,
Cinebar, Palouse and Palouse + Oil ware 0.68, 8, 13, and 13%, respectively. This stap was

necessitated by the variation In drying of the solls during soll storage and during actual
preparation,

The level of brass in the amended fractions was determined by concentrated-nitric-
acid digestion of amended solls in sealed Teflon-lined (Parr) bombs. Native Cu and Zn, as
determined in digestions of unamended solls, must be subtractad from the digestion resuits of
amended solls. For these studies, we have calculated the amount of brass recovery to be the
sum of Cu and Zn alone, neglecting the contribution of minor components (s1%); a calculated
value of 99% of target would, therefore, be total agreement. After background correctlon, the
amount of brass recoverad by acid digestion, as a percent of target, avarages 82% over all solil
types and amendment concentrations. The percent Cu of the sum of Cu and Zn contribution
averages 73.6% overall. This is conslstent with the average ot 72.9% In the brass-only Parr
bomb digests, as described aarlier.

2.6.3 Soll Column Studies

To determine the relative mobility of brass-flake constituents in soll, a series of
2.46- x 20-om columns ware packed to a depth of 18 cm with differant soil types: Burbank,
Clnebar, Palouse, and Palouse + OM. The columns were brought to 95% field water saturation
once weekly with synthatic rainwater (Van Vorls at al. 1987). The Burbank, Palouss, Palouse +
OM, and Cinebar solls were watarad with pH 8.5 rainwater, while additional columns of
Cinebar and cecil were watered with pH 4.5 rainwater to provide data on the effects of acid
rainfall. The columns were equilibrated with the artificial rainwater for 4 weeks before
“activated” brass-flake amendmant. For amendment, a 0.5-cm lens of brass flake




(2.81 g/column) containing 7.5 mg (0.24-MBq #52n) of neutron-activated brass flake (specific
activity 23.42 MBq 85Zn/g brass) was layered to the top of each soll column.

Following amendment, the columns wera watared waekly for 48 weeks, during which
the column eluants were collacted and counted in a gamma counter (Mode! 5530, Packard
Instruments, Downers Grove, lliincis) to determine whether any of the brass had leached
through. In addition, the columns were scanned with a Gamma probe (Model 44-2 and Model
2200 scaler ratemater, Ludlum Inatruments, Sweetwater, Texas) at three times over the course
of the experiment (dates given in taxt) to determine if 85Zn in the brass lens had moved down
Into the column,

27 PLANTAND SOIL SELECTION AND PLANT CULTIVATION

2.7.1 Plant Selaction.and Cultivation

The native spacies sagabrush, ponderosa pine, and short-naedle pine are found
assoclated with diffarent training environments throughout the United States or are used In
revegetation, while bush bean (used as a sensitive Indicator spacies for soft crops), the pines,
and fescue are Important agronomic spacies found adjacent to many training installations.
Plant sourcas and characteristics are as follows:

Big Sagebrush (Artamiaa tridentata, vaseyana). A medium-size, perennial shrub
found over vast expanses of the arid and semiarid western statas. It grows in
relatively harsh snvironments on alkaline solis and at elevations from sea level to
7000 ft. Source: Native Plants Inc., Sandy, Utah. Age: 2-year-old seadlings.

Ponderosa Pine (Pinus ponderosa). A large coniferous-forest spacies common to
western North America. It grows at a range of elevations and is ralatively tolerant to
drought. It requiras moderate soll fertility. Source: MacHugh Nursery, Eltopla,
Washington. Age: 2-year-old seedlings.

Short-Needle Pine (Pinus echinata). A coniferous tree indigenous to the
southeastern United States. This variaty Is used extensively in reforestation.
Source: J.P. Rhody Nursery, Gllbertsville, Kentucky. Age: 2-year-old saedlings.

Tall Fescue (Eastcua alator). A perennial, cool-season bunchgrass that grows well
on dry or wet, alkaline or acld solls. it has a rather ublquitous range. Source:
Native Plants Inc., Sandy, Utah. Grown from geed.
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« Bush Bean (Phasaolys vulgarls, tendergreen). An agronomic species that is
relatively sensitive to chemical insults, based on previous exparience. Source:
W.A. Burpee and Co., Chicago, lllincis. Grown from seed.

These five species provided a range of canopy type, cuticular structure, and thickness.
Thay were suitable for evaluating phytotoxic responses to obscurant smokes and for
evaluating deposition velocity under a range of environmental conditions. Ponderosa pins,
short needle pine, and sagabrush ware maintained in the greenhouse bafore use. These
spacias werg allowed to go dormant in the fall; in Dacember, the greenhouse temperature was
Increased and photoperiod was adjusied artificially to break dormancy. Before their experi-
mental use in the apring, groups of these plants were transferred to growth chambars, where
they were allowed to equilibrate for 30 days at day/night temperatures of 32°C/21°C, a 16-h -
photoperiod (approximately 500 mE m2 !, PAR, at leaf surlace), and 50% relative humidity.
Bush bean was planted and grown In growth chambars undar the same conditions. Tall fescue
was grown from seed and maintained at day/night temparatures of 27°/15°C, a 10-h
photoperiod (approximately 500 mE m'2 g'1, PAR, at leaf surtace), and 50% relative humidity.

Both pine spacies were grown on a commercially available loam solil, while the
sagebrush, tall fascue, and bush bean wera grown on Burbank siit-sand. The latter were used

to evaluate direct follar-contact toxicity, and at no time was the soil of thase test systems
exposed to brass,

2.8 PLANT/SOIL MEASUREMENTS
2.8.1 Fallar-Contact Toxlcity Responsaes

In evaluating direct foliar-contact toxicity, plant canoples were exposed to smokes
under a range of concentrations, times, and atmospheric conditions. In all cases, soils were
Isolated from canopies by bagging the soil containers at the lower plant stem to preciude any
indirect effects from soil contamination. All foliar exposuraes were conductad in the illuminated
portion of the wind tunnel teut saection.

Toxicity responsas (those that are readily visualized or phenotypic) from direct contact
of smokes with follar surfaces were evaluated using a modifiled Daubenmire (1959) rating
scale (Table 2.4). This nonparametric approach provides a rapid comparison of gross




JABLE 2.4. CODING FOR MODIFIED DAUBENMIRE RATING SCALE AND ASSOCIATED
PHYTOTOXICITY SYMPTOMS

Symptom/Intensity Dascription

no obvious effects over controls
5% of plant foliage affected

5% to 25% of follage affected
25% to 50% of follage affected
80% to 78% of follage sfiected
75% 1o 95% of folage affected
85% to 100% of foliage affected

old growth affected

new growth affected

old and new growth atfected

loaf tip or edge burn

loaf burn and leaf drop

necrotic spotting

ieaf absclesion or needle drop

chiorosis

blade dieback

loaf curl

wilting

growing tip disback

plant death

fioral or seed/frult abortion

indicates the length, in centimeters, that neadles
or leaves exhibit disback or burn

§_§°825595&§d%§§E""“”’E
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toxicity, and its relative Intensity with time of post-axposure. (irasses that were harvested 3 to
4 weeks after exposure (diract-canapy effects) werae permitted to ragrow through one or more
subsaquent harvests, and dry matter production was monitored. Regrowth and monitoring
allows any residual plant effects resuiting from follar absarption and root accumulation of
smoke components to be evaluated.

: 3 Ang gagurements. The exchange of CQ, from the plants
can be measured by an IRGA. A gas-analysls systam was construsted in the wind tunnel
facility; a simplifies schamatic of its componants Is given In Figure 2.5.
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EIGURE 2.8, SCHEMATIC DIAGRAM OF GAS-EXCHANGE SYSTEM USED IN MAKING
NET-PHOTOSYNTHETIC AND DARK-RESPIRAT!ION MEASUREMENTS

A Horiba Modal PIR2000 IRGA in the absolute configuration was used to measure
dittarences in CO, concentration (uL/L, between air that had passed through the plant
chamber and the original filtered outside air. To minimize environmental ditferences, the
cylindrical plexiglass plant chamber (45 L/cm3) was placad in the same large growth chamber
in which the plants were maintained during the exposure series. Plant-chamber temperature
was maintained within £1°C of that of the growth chambar, Light intensity at canopy level in
the plant chamber was ~85% of that of the growth chamber (400 uE m2g-1). Flow rates (10
L/min) and back pressures wera used to calculate ratas of net carbon exchange (NCE) (umol
COg/sacond/piant). Individual plants were measured before exposure and at various times
during the experiment. Control plants not exposed to brass flake were also measured
intermittently over this pariod to provide a point of referance.
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2.8.3 Quantitation of Exposura/Dose

To evaluate plant-toxicity responses to airborne contaminants, one needs a basis for
Intercomparing treatments and variables. To provide a specific dose value for each piant, in all
of the toxicity studies the point of reference is the mass-loading value or exposure dose, as
opposed to alr concentration or exposure duration. The mass-loading rate is determined by
rmeasuring the amount of brass deposited to a unit area or weight of foliage.

Brass-flake follar mass loading was determined by removing exposed follar tissue
randomly from the plants, placing the tissue in @ nylon mesh bag, and washing off the loose
flake with a mixture of ~20% (v/v) athanol:0.4% Twaen 20:80% water and flitering the leachate
through a fiber glass fliter in a buchner funnel. The washed leaf tissue and the glass-filter pad
were then separately extracted with 1 N nitric acld and analyzed for Cu and Zn through ICAP.
The data were then combined. Additional analysis of the leachate following fiitration showed
that all of the matarial was trapped in tha filter.

Mass loading to soils was estimated from loading to soll coupons, following which
samples of known surface area were extracted and analyzed for Cu and Zn with the proper
controls. Intorception efficlency based on type of raceptor surface (namely the type of canopy
structure)were quantified from computed deposition velocities. The velocities are calculated
from the air concentration, exposure duration, and the quantity of brass flake depositad per unit
surface area. Deposition-velocity results were comparad for axposure variables, including
duration and wind speed.

2.8.4 Post-Exposure Simulated Rainfall

The intensity of phytotoxic responses to foliar contaminants can be modified by the
prasence or absence of surfacs moisture. Immediataly following exposure, subsets of exposed
plants were subjacted to a simulated rainfall (Figure 2.8) equivalent to 1.0 cm, as described in
Cataldo et al. (1981). Simulated rainfall allowed us to evaluate both the ameliorating effects of
follar surface wash-off and any intensification of effects caused by increased foliar uptake
resulting from the presence of surface moisture.
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EIGURE 2.6 POST-EXPOSURE SIMULATED-RAINFALL SYSTEM
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2.9 MICROBIAL METHQDS

The effect of long-term brass weathering on soil microbjal parameters was studied.
Aliquots of soils for microbial assays were taken out of the greenhouse in late November 1988
(150 days), March 1989 (270 days), and September 1989 (420 days). Soll samples for
microbial analysis were stored at 4°C for less than 2 weeks, before microbial assays were
performed. Soil moisture contents were also determined (110°C, 48 h) to calculate a soil dry
welight and to allow results to be reported based on gram dry weight of soil.

A short-term brass-flake incubation study was performed in July 1889. Soils were
amended with brass flake and brought to the desired water potential in the same manner as in
the long-term pot studies. Soils were then incubated at amblent room temperature (22°C) until
being assayed for microbial effects at 4 and 28 days.

A third study was performed in August 1989, in conjunction with the mixed-brass-and-
fog-oll (BR/FO) aerosols in a wind tunnel under varled wind speeds. Distliled water was added
to large petri dishes (150 x 16 mm) containing 50 g of air-dried soll to bring the water potential
of the soll to -0.03 MPa. Solls were exposed to the BR/FO mixed smoke for 1 h at wind speeds
of 0.9 Vs (Tast# BR/FO-03) and 4.5 m/s (Test# BR/FO-07). Soll moisture lost during each
exposure was measurad by waight loss and was replaced by adding delonized water
immediately after the exposura. Average molsture losses of the four soils were 3.83% and
7.36% for tha 0.9 m/s and 4.5 m/s exposures, respactively. Soll microbial assays were
performed Immediately after the exposure and again after a 28-day incubation at ambient
laboratory temperature (22°C).

Soil dehydrogenase activity was assayad by a modification of the procedure of
Tabatabai (1982). Allquots of soll (1.5 g wet weight) were mixed with 0.015 g CaCQO,, 0.3 mL
of 1% glucose, and 0.25 mL of the substrate, 2,3,5-triphenylitetrazolium chloride (3% w/v). After
incubation at 22°C for 24 h, 10 mL of mathanol was added to the soil to stop the reaction and
to extract the product, 2,3,5-triphenylformazan (TPF). The solution was mixed thoroughly,
centrifuged at 12,000 x g for 10 min, and the absorbance of the supernatant determined at
485 nm on a Beckman DU-50 spectrophotometer. Soil dehydrogenase activity, expressed as
micrograms TPF produced per gram of dry soil per 24 h, was determined by comparing
absorbence values to a standard curve prepared with reagent-grade TPF and methanal.

Soll phosphatasaes activity was determined by a modification of the procedure of
Tabatabal (1982) for acid phosphatase. One gram of soll was placed in 15-mL centrifuge
tubes with 4 mL of modified universal buffer (MUB), which consists of 0.605 g tris (hydroxy-
methyl) amino methane, 0.580 g maleic aclid, 0.70 g citric acid, 0.341 g boric acid, and 24.4 mL
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1 M NaOH, in 250 mL final volume with the pH adjusted to 6.50. Ona milliliter of the substrate,
p-nitrophenol phosphate (0.025 M prepared with MUB buffer), was added to each tube. The
tubes were stoppered, vortexed, and incubated for one hour at 37°C. One milliliter of 0.5 M
CaCl, and 4 mL of 0.5 M NaOH were added to the tubes to stop the reaction: The mixtures
were centrifuged at 12,000 x g for 10 min, and the absorbance of supernatant was determined
at 400 nm with a spectrophotomater. Phosphatase activity, axpressed as micrograms of
p-hitrophenol produced per gram soll per hour, was determined by comparing absorbence
values to a standard curve prepared with reagent-grade p-nitrophenol.

A modification of the procedure of Parkinson and Paul (1982) was used to determine
the amount of adenosine 5'-triphosphate (ATP) in soil. One gram of soil was placed in a 50-mL
centrifuge tube with 5 mL of 0.5 M NaHCOq (pH 8.5) and 15 mL chloroform. The tubes were
stoppered and vortexad on high speed for 15 8. Another 7.5 mL of 0.5 M NaHCO, was added
to the tube, which was vortexed for an additional 15 8. The mixtures were centrifuged at
3500 x g for § min at 2°C. An aliquot of the top aqueous phase (approximately 5 mL) was
removed without disturbing the lower chloroform and soll phases and transferred to a 10-mL.
tube. Traces of chioroform were removad from the extract by connacting tubes to a vacuum
and incubating the extract in a 60°C water bath for at least 1 min or until the larger chloroform
bubbles disappeared. The tubes were sealed with parafilm and stored at -40°C until analysis.
The ATP content was determined by adding 0.1 mL of sample, 0.4 mL of 0.1 M trls
(hydroxymaethyl) amino methane (TRIS) (pH 7.8), and 0.1 mL of luciferin-luciferase (ATP
monitoring reagent, LKB/Wallace catalog#1243-200) to the ATP tube (as supplied by the
nianufacturer) and measuring the light intensity emitted from the reaction by a photometer
(Pharmacla LKB/Wallace Model 1251 Luminometer). Since the intensity of light emitted is
proportional to the concentration of ATP, the ATP concentration in the soll extracts were
determined from an ATP standard curve. The ATP standard curve was constructed using
reagent-grade ATP dissolved in 0.5 M NaHCOg3 (pH 8.5) and 0.1 M TRIS in the same
proportions described above.

All soil dehydrogenase and phosphatase activities and soll ATP concentrations were
measured in triplicate. Mean values were compared with that of the control (unexposed) soil
and results were expressed as a percent of the control.

Soll microbial-species diversity was determined by the procedure of Atlas (1584a) and
Atlas and Bartha (1987). Total haterotrophic bacterla were counted on Difco® nutrient-agar
plates. The species diversity index was then determined by counting the different types of
colonies and the number of each colony type. A widely used measure of species diversity is

“DHco is a registered trademark of Diico Laboratory, Detroit, Michigan,
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the Shannon-Weaver index (H), which is a general diversity index sensitive both to species
richness and to relative species abundance. It Is calculated according to the equation

H=Cx(N logqoN - Zn| |Og1on|)/N

where C =3.3219
N = # of individuals
nj = # of individuals in the th spacies

Soll nitritying bacteria were enumerated by the microtechnique for most-probable-
number (Rowe 6t al. 1877) using media described by Alexander and Clark (1985). Ammonium
- calcium carbonate medium for Nitrosomonas sp. type microorganisms consisted of 0.5 g
(NH,)2804, 1.0 g KoHPO,, 0.03 g FeS0,:7H,0, 0.3 g NaCl, 0.3 g MgS0O,:7H,0, and 7.5 g
CaCOg3 in 1000 mL distilled water. Nitrite - calcium carbonate medium for Nitrobacter sp. type
microorganisms consisted of 0.008 g KNO,, 1.0 ¢, KaHPQ,, 0.08 g FeSO,:7H,0, 0.3 g NaCl,
0.1 g MgSO,:7H,0, 0.3 g CaCly, and 1.0 g CaCO, In 1000 mL distilled water. The media
were autoclaved at 121°C with 15 Ib pressure for 30 min. Aliquots (0.4 mL) were transferred to
30 minitubes. A 10-fold serial dilution of soll was prepared with sterile 0.85% saline solution.
Five tubes were inoculated with 0.1 mL of 10° through 106 dilutions, with five replicates at
each dilution. After incubation for 8 weaks at room temperature in the dark, tubes containing
ammonium-calcium carbonate medium for Nitrosomonas sp. were tested for the presence of
nitrite and/or nitrate, using the moditied Griess-lllosvay and nitrate spot-test reagents described
by Schmidt and Belser (1982). Paositive tests for nitrite/nitrate in these tubes indicate the
presence of Nitrosomonas sp. Tubes containing nitrite - calcium carbonate medium were
tested for nitrite. A negative test irdicated the presence of Nitrubactersp. Populations of both
groups of nitrifying bacteria were calculated using a most-probable-number (MPN) table
(Alexander 1982) and were presented as the l0g4 o of the MPN per gram of dry soll.

2.10 SQIL-INVERTERRATE ASSAY

An earthworm (Eisenia fetida) bicassay system was used to elucidate the toxicity of
the brass constituents. An artificial soil containing 350 g sand, 100 g kaolin, and 50 g dried
paat moss (adjusted to pH 8.5 with CaCO3), was used both for culture and for the earthworm
exposures. Worms were fad twice weekly with farmented alfalfa, and soil maisture was
adjusted to 35% of dry weight. Exposure tests used 80 g of the artificial soll (placed in 100- x
25-mm petri plates) containing five mature worms. Three replicate plates were used for each
test series, as noted in the text. The tests were terminated after 14 days, and effects were
observed over this period. Effects scored included earthworm mortality and simple response
to physical stimulus (touching). Mass loading or dose was determined on similar soil plates
without worms.




3.0 BESULTS AND DISCUSSION

The environmental fate and effects of brass were investigated for the two principal
routes of blological exposure, airborne deposition of brass and brass/fog-oll obscurant
mixtures and brass weathering In scil. Soils were amended to simulate weathering and
potential Impacts from deposition. Aerosols containing brass were generated and charac-
terized, and deposition both to follar surfaces and to solls was determined. Impacts of
deposited brass were assessed based on their contact toxicity to vegetation. Soil amend
ment studies were performed to ascertain weathering rates and to determine the effects of
different brass concentrations on plant growth and on soil microbial processes. In addition,
soll columns were used to determine whether brass weathering influenced the migration of
Cu and Zn through soil profiles.

3.1 QBSCURANT (AEROSOQL) CHARACTERIZATION

Brass (BR) and brass/fog oil (BR/FQ) aerosol obscurants were characterized during
each test to provide data for determinining applied doses and calculating particulate-matter
deposition rates, or deposition velocities. These data supported three series of plant, soil,
and soil-microbiclogical exposures to BR and BR/FO aerosols in the wind tunnel. Aercsol
data were obtained on the chamical composition of the aerosols, aerosol mass concentra-
tion, and concentrations of constituent fractions of the aerosols; aerodynamic particle size
distribution; and deposition velocities to surrogate surfaces suspended in the wind tunnel test
section.

3.1.1 Aerosol Mass Concentration and Chemical Compnaition

Aerosol mass concentration and the mass concentrations of the constituents brass
and brass/fog oil were determined from gravimetric and chemical analysis of aerosol
samples. Generated singly, brass asrosols were close to the target value of 100 mg/m3, but
during mixed BR/FO tests, because of recurrent generator failure, the concentrations of BR
aerosol were significantly lower than the target value. The concentration of FO In the BR/FO
aerosols was approximately equal to the 500 mg/m3 target level.

The first step in determining aerosol mass concentrations was to analyze the chemical
camposition of the fiiter and the deposition coupon. Selected samples were submitted for
analysis to provide information on the percentagas of the total collected aerosol massas
consisting of Cu and Zn. Table 3.1 lists all analyzed aerosol samples. Data were corrected
for low background levels of Zn and Cu in the sample substrate, but these corrections were
not significant for determining aerosol concentrations. Not shown directly in the table,
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JABLE 3.1. CHEMICAL COMPOSITION OF AEROSOL SAMPLES '
Mass Cu Mass Zn Mass Cu Zn Reasidual
Test Sample (mg) (mg) (mg) (%) (%) (%) '
BR-10 F3 2.85 1.88 0.624 70.9 23.8 5.8
F8 2.78 2,00 0.887 72.7 23.9 3.4
BR-11 F3 2.34 1.81 0.640 6.8 27.4 3.8
BR-12 Fa 2.39 1.68 0.523 70.3 21.9 7.8
F5 2.22 1,61 0.5817 72.8 23.3 42
BR-13 F3 113 0.834 0,200 73.8 28.8 0.3
F8 1,14 0.870 0.314 76.3 27.8 3.9 I
BRFO-03  FS 8.08 0.122 0.043 2.0 0.7 97.3
Fe 8.07 0.088 0.023 11 0.4 96.8
BRIFO.04  Fi 3.23 0.287 0.118 8.9 3.8 87.8
F2 5.70 0.189 0,074 3.3 1.3 95.4 l
F3 8.68 0.208 0,082 a1 1.2 96.7
F4 8.30 0.218 0,080 3.4 1.3 98.3
Fs8 8.08 0.184 0.080 2.7 1.0 96.3
Fe 5.93 0.088 0.022 14 0.4 98.5
BRIFO-08  F1 3.63 0.371 0,132 10,2 3.8 86.2
F2 5.43 0.230 0.074 4.2 1.4 94.4
Fa 5.88 0.204 0.085 3.8 1.1 08.4
F4 5.42 0.212 0.088 3.9 1.3 94.8
Fs 5.19 0.198 0,082 3.8 1.2 98.0
Fe 8.22 0.223 ¢.073 4.3 1.4 94.3
BRFO-08  Fi 2.62 0.287 0.003 11.0 a8 88.5
F2 3.24 0,138 0,043 43 1.3 94.4
F3 3.87 0.110 0.037 2.8 0.9 96.2 '
F4 4.24 0.114 0.038 2.7 0.9 98.4
F8 4.28 0.114 0.037 2.7 0.9 98.5
Fé 3.83 0.110 0,038 2.9 0.9 06.2
BRFO-07  Fi 4.31 0.772 0,282 17.9 8.8 785.8 l
F2 8.87 0.627 0.221 0.5 3.4 87.1
F3 7.18 0.638 0.213 8.9 3.0 86.1
F4 8,59 0.631 0.214 0.8 3.2 87'2
Fs 6.25 0.653 0.217 10.4 3.8 86.1
Fé 5.66 0.388 0.132 8.9 2.3 90.8
BR-10 DC3 8.25 5.22 198 83.3 24.0 12,7
DC7 8.79 3.84 1.40 56.8 20.6 22.8
BR-11 DC3 4.58 2.80 0.808 87,1 19.7 23.2
DC7 4.66 2.44 0.843 52.5 18.1 20.4
BR-12 DC3 3.32 1,78 0.888 83.8 17.7 26.7
DC7 3.30 2.02 0,684 81.2 20.7 18.1
BR-13 DC3 2.12 1.22 0,438 57.5 20.7 21.8
DC7 1.68 0.973 0.347 57.9 20.7 21.4 I
BR/FO-03  DC2 1.97 0.484 0.183 23.0 8.3 88.7
DCé 1.97 0.441 0.189 22.4 8.1 89.5
BR/FO-04  DC2 4.68 0.817 0.208 175 8.4 76.1
DC4 4.68 0.820 0,308 178 8.5 76.7 I
BR/FO-08  DC2 10.49 1,804 0.603 17.2 6.8 76.2
DCa 0.54 1,881 0.638 17.4 6.7 78.9
BR/FO.08  DC2 11.83 1,879 0,608 133 5.1 81.8
DC4 10.83 1,503 0.618 18.0 58 79.2
BR/FO-07  DC2 50.84 10.28 3.688 202 7.2 728
DC? 54.34 14 45 4.088 21.1 7.8 71.4
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the ratio of Cu to the total mass of BR (Cu + Zn) in the aerosol sampies was 0.740 £ 0.014.
The difference between the total mass collacted and the sum of the Cu and Zn masses, as
percentages, I8 listed as residual percentage. Residual parcentage includes impurities in the
brass, such as the ~1% of the mass that is stearic acid and other impurities, and aiso includes
the mass of FO in samples from the BR/FO tests.

isokinatic aerosol fiiter samples (F in the table) from BR tests had residual levels
ranging from -3.9 to 7.8% of the total collected mass, and averaged 3 + 4%. The difference
between this residual and the ~1% brass impurities was slight, and was attributed to meas-
urement errors. No loss of brass mass during sample handling was anticipated, because the
filter deposits were not observed to detach easily from the substrate, In contrast, the residual
levels on the deposition coupon samples (DC on the table) from the BR tests ranged from 13
to 29%, and averaged 22 = 5%. This residual was not caused by an increase in the residual
componeni of the aerosol, but was rather an artifact of the analyses: as the samples were
transferred into tha scintillation vials for subsequent chemical analysis, material was lost,
because the brass deposits to the deposition coupons were not tightly bound, as were the
deposits to the Isokinetic nozzle filter substrate. In summary, the difference between the total
sample mass and the total brass mass in each sample from the BR tests was ~1%, the level of
Impurities in the brass source.

Reslidual material in aeroscl samples from the BR/FO tests was much greater than in
those from the BR tests, because FO was presant in the BR/FO aerosol at a concentration
from 4 to 60 times greater than the concentration of brass aerosol. Eiecause of the adhesive
characteristics of the FO on the depesition-coupon samples, l088 of brass from the samples
during transter to vials was belleved to be minimized. The percentage of brass, as the sum of
Cu and Zn, decreased tiroughout each BR/FO test. Initially, the concantration of brass
ranged from 12 to 24% of the total aerosol mass concentration. However, because clogging
problems affected the performance of the sonic-nozzle brass-aerosol generator, the rate of
aerosol genaeration decreased, and the concentration of brass declined during the tests to a
final level ranging from 1.5 to 8% of the total aerosol mass concentration. The average FO
aerosol mass concentrations throughout each test, assumed to be approximately equal to the
residual for the BR/FO tests, ranged from 86 to 96% of the total aerosol mass concentration.

Aerosol mass-concentration results are summarized in Table 3.2. Wind speed and
exposure durations are Included in the table to provide information required for calculating
deposition velocities to both surrogate and test-subject surfaces. Brass-aerosol mass con-
centrations ranged from 132 to 177 mg/r.3 during the BR wind-speed tests, were approxi-
mately 90 mg/m3 during the BR range-flading tests, and ranged from 19 to 83 during the
BR/FO wind-speed tests. Uncertainty limits in determining aerosol mass concentration were
estimated to be less than 7% from potential errors in aerosol-sample air-flow rates anr
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gravimetric procedures. Uncertainty iimits for the brass concantrations were somewhat
greater, bacause of uncertainties associated with measuring the decrease in brass-aerosol

mass concentration that occurred as the brass-aerosol generator gradually became clogged
during the BR/FO wind-speed tests.

JABLE 3.2. AVERAGE AEROSOL MASS CONCENTRATIONS DURING EXPOSURE TESTS

wind  Exposure Mass BR FO
Speed Duration Concentration Concentration Concentration
Test (mis)  (min) (mg/m3) (mg/m3) (mg/m3)
BR Wind Speed
BR-10 4.49 60 183 +9 132 0
BR-11 2.89 60 154 + 11 152 0
BR-12 1.77 60 157 £ 11 158 0
BR-13 0.87 60 179 £ 183 177 0
BR Range Finding
BR-16 0.88 120 806 89 0
BR-17 0.89 240 8327 82 0
BR-18 0.87 360 8517 84 0
BR-19 0.88 480 8286 81 0
BR/FO Wind Speed
BR/FO-03 0.91 60 600 £ 40 ~ 30 ~ 570
BH/FO-04 1.76 62 570 £+ 40 286+ 10 540
BR/FO-08 2.65 60 515+ 36 32+9 480
BR/FO-08 4.46 30 38026 19+9 340
BR/FO-07 4.56 60 610 £ 45 8317 530

Failure to attain target concentrations of brass in the aerosols generated during the
BR/FO exposure tests was not thought to greatly impact the deposition-rate aspects of the
experiments. Greater relative concentrations of brass, compared with the concentratiuns of
FO, would likely provide increased deposition mass loadings, but the caiculation for deposi-
tion velocity would have provided results similar to those reported here. This conclusion was
based on the observation that FO deposits on collection surfaces coated brass deposits and
thus reduced the resuspension rates of brass particies.

We anticipated that the composition of the BR/FO aerosols would change as a function
of particle size. This conclusion was supported by Initial measurements that indicated the
aerodynamic mass median diameter of BR to be ~5 um and tnat of FO between 2 and 3 um.
One particle-size-distribution sample, from test BR/FO-04, was submitted for chemical
analysis. The resuits of this analysis, shown in Table 3.3, indicate that the composition of the
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collected brass particies was similar to that collected in the other asrosol sampies (Table 3.1).
The ratio of Cu to total brass mass, 0.74 = 0.01, was equal to the ratio determined from the
other aerosol samples. The largest ratio measured was 0.76, at stage 8 of the cascade
impactor. Rather than indicating a change in the Cu:2Zn ratio as particle size decreases, this
result most likely reflects measurement uncertainty, as only 0.04 mg of BR were collected at
that impactor stage. Brass was collected primarily in the upper four stages of the impactor,
indicating that it was composed of relatively large particles. Brass/fog oil was collected in the
middle impactor stages, indicating that it was composed of smaller particle

JABLE 3.3. CHEMICAL COMPOSITION OF SIZE-SEGREGATED AEROSOL SAMPLES
COLLECTED USING AN ANDERSEN CASCADE IMPACTOR - TEST BR/FO-04

Particle Size Impactor Mass Cu Mass 2Zn Mass Cu Zn Fog Ol
(um) Stage (mg) (mg) (mg) (%) (%) (%)
10.0 0 0.69 0.182 0.087 26.4 9.7 63.9
6.34 1 1.7 0.320 0.120 18.7 7.0 743
4.4 2 2.07 0.174 0.082 8.4 3.0 88.6
3.0 3 7.81 0.224 0.081 29 1.0 96.1
1.90 4 10.56 0.093 0.031 0.9 0.3 98.8
0.94 5 7.18 0.031 0.010 0.4 0.1 99.4
0.57 6 0.98 0.000 0.000 0.0 0.0 100.0
0.38 7 0.14 0.000 0.000 0.0 0.0 100.0
0.00 F 0.11 0.000 0.000 0.0 0.0 100.0

sizes. Figure 3.1 shows the particle size distribution of the BR/FO aerosol as functions of
mass (x), brass (+), and fog oll (*). The aeredynamic mass median diameter of the aerosol
was similar to that of the FO, ~2.5 um, because ~85% of the aerosol consisted of FO at the
time the impactor sample was cbtained. The AMMD of the brass constituent of the aerosol
was 5.9 um.

3.1.2 Asrosol Particle Size Distribution

The aerosol particle size distribution in the wind tunnel during exposure tests was
determined, as described In Section 2.4.2, as the asrodynamic mass median diameter
(AMMD) and the geomaetric standard deviation (GSD). This section presents results of particle
size distributions determined from total particulate mass deposited to the varlous stages of
Andersen cascade impactors during BR and BR/FO tests. Rasults of an analysis of the
relative components of the particle size distribution during test BR/FO-04 were discussed
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above (Section 3.1,1). Brass particles analyzed using SEM wers plate-like in shape, having
the dimensions described above (Section 2.3.1). In contrast, FO particles were spherical oil
droplets. In general, the particles in BR aerosols had greater asrodynamic sizes than those in
FO aerosols. The AMMDs of brass aerosols were approximately 5 to 6 um, while those of FO
aerosols were shown by Cataldo (1989) to be approximatsly 2 10 3 um. The dry brass
particles also were thought to have differant surface-atiraction characteristics than the liquid

FO droplets. Thus the transport and deposition charactaristics of the two obscurant aerosols
were not expected to be similar.

Wa investigated the effectiveness of sampling brass, FO, and BR/FO aercsols with the
cascade impactors, because of the relatively large AMMD of brass asrosols. Sampling losses
ware possible both In the inlet and on interstage surfaces within the impactors.
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EIGURE 3.1 AEROSOL PARTICLE SIZE DISTRIBUTION OF TOTAL MASS (X),
BRASS (+), AND FOG OIL (*) COMPONENTS OF THE AEROSOL
DURING TEST BR/FO-04.
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Excessive losses could cause reported AMMDS to be less than the actual values. Overall
sampling losses were determined by comparing the aerosol mass concentration from the
isokinetic aerosol sampling nozzle fo that caiculated by summing all mass collected on each
impactor and dividing by the volume sampled. Results of this comparison showed that, while
measurable sampling losses occurred when sampling brass aerosols, these losses did not
Qreatly bias the reported AMMD. Excluding 4 of 27 sampies of brass aerosol, the sampling
effectivi.1e88 of the impactor procedure was shown 10 be 92 £ 7%. Thus, losses were limited
to ~8%. For the single measurement of a fog-oll aerosol, the effectivenass was 100%. For 8
of 9 mixed BR/FO : 9rosols, sampling effectiveness was 96 = 4%. Five tesis were excluded
from consideration because of stage overloading, unusual asrosol-generation proceduras, or
test relative humidity being significantly ditferent from the norm. These results indicate
increasing sampling losses as particle siza Increases. To determine the effect of sampling
losses on the reported AMMD of brass aerosols, mass equal to the measured losses was
added to the top four and the top two impactor stages (the locations where these larger
particles Ideally would be expected 1o deposit). Under the worst assumed case, the reported
resuits were 0.3 um lass than what actually existed in the wind tunnel. Under a more
reasonable case, the difference was only 0.1 um. The corresponding change In GSD was
only an Increase of 0.03 for the worst case. The reported AMMD results therefore were
Judged to be within 0.1 to 0.3 um of the true AMMDS of the aerosols In the wind tunnel.

Results of particle size distributions measured during trial and exposure tests are
shown in Table 3.4. Figures 3.2 through 3.4 show selected aerosol particle size distribution
plotted as aerodynamic particle diameter varsus cumulative percent. Result of the trial tests
showed the Influence of tha brass sonic-nozzle aerusol generator's operating conditions on
resultant aerosol particle size distribution (tests BR-01 through BR-03). No effect on particle
size was measured for a range of relative humidities (tests BR-03 through BR-05), even
though fog droplets were present in the aeroso! during the third sampling period of BR-04,
Test BR-02 showed AMMD to be 7.1 um downwind of the sonic-nozzle aerosol generator but
~5.8 £ 0.2 um at the test section. This difference was the result of the large agglomerated
particles, those not completed dispersed in the generator, settling in the slow-velocity air flow
through the return loop of the wind tunnel. During the BR wind speed tests the average
AMMD was 5.3 = 0.3, the average GSD. 1.8 + 0.0. During the BR range-finding tests the
average AMMD was 5.1 + 0.3, the average GSD, 1.85 + 0.1. During the BR/FO wind speed
test serles the average AMMD was 2.7 + 0.2, the averaye GSD, 1.75 + 0.08. The AMMD
decreased during the BR/FO tests because FO predominated in the aarosol mixture (see
Section 3.1.1). A possible decrease of ~0.5 um In the AMMD of brass aerosols with
increasing wind speed, If real, likely was due to increased prefarential impaction of the >5 um
particles on the test subjects, tuining vanes, and other surfaces. No such trend was observed
for the smailer AMMDs In the BR/FO aerosols.
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TABLE 3.4, AEROSOL PARTICLE SIZE DISTRIBUTIONS FOR BR AND BR/FO TESTS l
Relative Aerosol Cono. l
Wwind Speed Humidity During Sample AMMD
Tost () (%) (mg/m3) (um) aspo
BR-01 ~0.9 30 30 5.9 1.8 l
8.0 1.8
BR-02 ~0.9 25 20 5.8 1.8 .
8.7 1.8
7.1 1.8
BR-03 ~0.9 23 170 5.8 1.8
5.8 1.8 '
BR.04 0.63 88 220 8.4 1.8
5.3 1.9
8.3 1.9
BR.08 0.97 48 210 5.2 1.9 l
BR.08 4,87 48 240 5.2 1.8
BR.07 2.70 44 270 8.7 1.8
BR-08 0.81 44 240 55 1.8
BR-14 0.89 83 90 47 1.9 l
5.0 1.8
BR-18 0.74 56 260 8.0 1.9
BR-10 4.49 48 1830 8.0 1.8 l
BR-11 2,69 47 180 8.1 1.8
BR.12 1.77 48 180 8.4 1.8
BR-13 0.87 48 180 88 1.8
8.6 1.8 l
5.8 1.8
BR-18 0.88 48 90 8.8 1.9
BR.17 0.689 47 93 49 1.9 .
BR-18 0.87 48 95 5.0 1.8
4.9 1.8
BR-19 0.86 48 92 5.1 1.9
BBREQ Trialn '
BR/FO-T1 (BR only) 0.88 38 90 5.7 1.8
BR/FO-T2 (BR only) 1.98 48 ~100 52 1.8
BR/FO-T3 (FO only) 1.81 48 540 2.2 1.7
BR/FO-01 1.84 48 840 3.0 1.8
BR/FO-02 2.76 48 700 2.8 1.7
BR/FO-03 0.91 81 860 2.6 1.8
BR/FO-04 1.78 48 570 2.9 1.7
830 2.8 1.8
800 2.3 1.7
BR/FO.-05 2,65 44 520 2.8 1.8
BR/FO-08 4.48 47 410 2.8 1.8
BR/FO-07 4.58 47 880 3,0 1.8
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The aerodynamic size distributions of brass, fog oll, and BR/FO aerosols were
measured to provide information most suitable for characterizing the transport and deposition
of their constituent particles to the surfaces of test subjects. An alternate measure of average
particle size, count median diamater (CMD), also was calculated from the AMMD and GSD
resuits. CMD provided Information on the ectual physical size of particles In the aerosols.
The CMDs of aerosols, based on the average AMMD and GSD information, were determined
using the Hatch-Choate conversion equation (Hinds 1982):

CMD = [CC(AMMD) + (8. G.) 1/2] (¢3In2G8D),

in the equation, CMD and AMMD are in units of length, S. G. is the specific gravity of the
particles, and GSD is dimensionless. Particle specific gravity was 8.6 (BR), 0.8 (FO), and 1.0
to 2.4 (BR/FO). Results of this analysis indicate that the DMDs of the aerosols were 0.6 um
(BR/FO). As the actual median physical size of particles Iin the aerosols, CMD represents the
particle size for which exist equal numbers of particles having smaller and larger diameters
than the CMD. This differs from the AMMD, which represents the particle size for which equal
particulate mass is distributed among particles having smaller and larger aerodynamic
diameters than the AMMD. CMD is the more useful size parameter for comparing optical
characteristics of most spherical purticle aerosols. It should be noted, howaver, that the
predicted CMD for the fiake-sh.«ud brass particles difiers greatly from the actual dimension
(<0.5 to 20 um in surface dimension, and 0.5 + 0.25 um In edge thickness), because the
nonspherical shape of the brass particias resuits in smaller aerodynamic size than would be
the case If the same particle mass was incorporated into a spherical particle.

3.1.3 Aarosol Deposition Velocity to Suspended Surrogate Surfaces

Deposition velocities of BR and BR/FO aerosols were measured during trial and
exposure tests. The relative concantrations of brass and FO during the BR/FQ tests
(Table 3.2) and the parcentages of deposits as brass and FO (Table 3.1) were also used to
determine the spacific deposition velocities for both componants of the aerosol. Deposition
velocity results are shown in Figure 3.5. The deposition velocitles based on particulate mass
are shown in the upper figure, and those based on the specific component in the lower figure.
The amount of particulate matter and specific components depositing to the coupons was
observed to be a function of both the aerosol composition and the wind speed. Uncertainty
limits were estimated, where possible, by considering experimental errors and repiicate data
variablility. Deposition velocity resuits generally Increased exponentially with increasing wind
speed from 0.9 to 4.5 mvs; deposition velocities ranged from 0.9 to 0.4 cm/s for the brass
aerosol, and from 0.03 to 0.6 cm/s for the BR/FO aerosol. The deposition velocities of the
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brass and FO components of the BR/FO aerosois aiso increased with increasing wind speed;
deposition velocities ranged from 0.2 to 1.6 cnvs for the brass component, and from 0.02 to
0.5 cnvs for the FO component. The excaption to this trend was the deposition rate of the
brass aerosol generated in the absence of FO and at the fastest tested wind speed. At 4.5
m/s, the deposition velocity of brass was approximately aqual to that at 2.7 m/s. This likely
was because of resuspension of the dry brass-powder deposits on the deposition coupens
exposed to 4.5 m/s winds. In contrast, the deposition velocity of the brass component of
BR/FO aerosols indicated a continued increase as wind speed was increased from 2.7 10 4.5
m/s. This was attributed to the adhesive influence of FO on the deposited BR flakes.
Depuosition velocities of brass increased an average of 2.0 times at wind speeds of 0.9 to 2.7
m/3, and 4.0 timos at a wind speed of 4.5 /s, as a result of the presence of FO in the mixed
aerosol. Deposition-velocity results for the FO component of the mixed BR/FO aerosols were
not significantly influenced by the: brass component, and were similar to results reported by
Cataldo et al. (1989) for FO aerosols. In both studies, measured FO deposition rates
increased from 0.02 te 0.05 cmy/s as wind speed increased from 0.9 to 4.5 m/s.
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exposed to brass ooncentratlons of approxlmately 150 mg/rn" for 60 min at 50% RH and a
wind speed of either 2 (BR-13; 0.9 nvs), 4 (BR-12; 1.8 mv8), 6 (BR-11; 2.7 m/s), or 10 (BR-10;
4.5 nvs) mph. Following exposura, the leaves were sampled by washing them with a 20%
EtOH (vv), 1% Tween-20 (v/v) solution and trapping the flake on a fiber glass filter. Both the
filter and the washed leaf were further extracted in 0.01 N HNO4. The extracts were
combined and analyzed using an iICAP analyzer.

Follar mass loading between species and within species at the different wind speeds
varied markedly in this test serles. The resuits given in Table 3.5 show generally that with

JABLE 3.5. FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING WIND
SPEED TESTS. TOTAL DURATION OF EXPOSURE WAS 60 MINUTES AT 50%

RELATIVE HUMIDITY.

Species Wind Spesd Follar Mass Loading
(s (ug/om2 8D, n = 8)

Bush Bean 0.8 8430 + 14,40
1.8 149,72 + 37.08
2.7 3058 + 108.47
4.3 443,94 + 72,04

Sagebrush 0.9 193.71 = 31.54
18 444,07 + 44.28
2.7 850.70 + 81.84
4.5 1098.40 + 302.08

Ponderosa Pine 0.9 24386 + 50.93
1.8 822,49 + 133,18
2.7 443,25 + 64,08
45 237.01 + 58.58

Short-Needla Pine 0.9 283.78 + 45,76
1.8 804.11 + 164,83
2.7 548,51 + 120.92
4.5 400.04 £ 153.79

Tall Fescue 0.9 79.83 £ 7.90
1.8 238.88 + 15.44
2.7 24039 + 38.40
4.5 201.85 + 72.34
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increasing wind speed a ccrresponding Increase in mass loading occurs, as had been seen
in all previous smokes experiments. Howaevar, the highest loading for some of the species,
most notably the pines, appeared to peak at a lower wind speed, that of 1.8 m/s (4 mph).
There I8 an increase at 1.8 m/s over the 0.9 m/s (2 mph) for the ponderosa and short needle
pines, but this decreases at 2.7 m/s (8 mph), and further decreases at 4.5 m/s (10 mph).

While both the bush bean and the tall fescue generally showed increased mass loading at
the higher wind speeds, the increasas, particularly at the highest speed (4.5 m/s), were not as
large as had been routinely seen at similar speeds with the other smokes (Van Voris et al.
1987; Cataldo et al. 1989, 1990a,1990b). Only the sagebrush appeared to follow the
previously obsarved pattern.

Possible reasons for these observations are related both to the nature of the material
itself and to the . irface features of each species. First, the dry powdery nature of the material
made it very difficult to sample the foliage without disturbing the layers and knocking some
off, particularly when the loading was haavier and for those plants with narrow and smooth-
surfaced leaves (l.e., the pines). Thig accounts in part for the high variations (standard devia-
lions) in the sampleg. The higher wind speeds also may have resuspended the material, and
therefore may have prevented higher accumulations from ocourring. The tall fescue received
the lowest mass loading. This species, being smooth-surfaced and possassing a canopy
frequently oriented verticaily to the wind, and belng-'capable of great flexion and torsion in the
wind (espcclally in the larger plants with longer leaves), apparently prevented large
accumulations of the dry material to form. This species aiso received the lowest mass
loading in previous studies of the other smokes. The bush bean has surfaces that are
oriented horizontally to the wind direction and possesses a somewhat roughened surface,
thus being able to retain the powdery material better. 1t should be noted that the greatest
accumulations on these leaves were along the raised featuras caused by the veination within
ihe lamins of the leaves, where the greatest eddies could be expected to occur. The very
rough and “hairy” surface of the sagebrush with its waxy projections from the leaf appuared to
be the most efficiant in trapping the material from the atmosphere, and therefore showed the
greatest loading values at the higher wind speeds.

Yegetation Mass | ~ading During Wind Speed Tests: Brass Flake/Fogq Qil. The
potential for increased brass-flake deposition to vegetation during cogenaration with fog oil
was explored during the brass-ilake/fog-oil test series. These wind-speed trials were
designed to rrovide atmospheric concentrations of approximately 100 mg/m? brass flake and
500 mg/m?3 fog oll. In actuality, atmospheric brass-flake concentrations ware ~25 to 30% of
this level. The highest wind-speed run (4.5 m/s) was cut short because the generator failed.
This run was only 30 min, as oppesed to the 60-min durations of the other wind-speed tests.
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It is interesting to compare the results for foliar mass loading for the plants exposed to
BR/FO (Table 3.6) with those exposed to brass flake aione (Table 3.5). At the lower wind
speeds, 0.9 and 1.8 m/s, foliar mass loadings are comparabie to those of the brass flake
alone for all of the species tested, even though the actual atmospheric brass concenirations
were approximately 16 to 20% of those of the previous wind-speed experiment. This
indicates that the presance of fog oil affects brass deposition or retention.

JABLE 3.6. FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING
BRASS/FOG OIL WIND-SPEED TESTS. TOTAL DURATION OF EXPOSURE
WAS 60 min AT 50% RELATIVE HUMIDITY. DATA ARE EXPRESSED AS

AVERAGES £ SD (n = 3).
Brass (2n + Cu)
Species Wind Speed Follar Mass Loading
(mese) (uglom?)
Bush Bean 0.9 38.51+1.30
1.8 143.68 £38.42
2.7 592.38 +293.41
45 376.65 +26.69
Sagebrush 0.9 112.92 245,75
1.8 457,99 82,17
2.7 1342.92 £718.90
45 919.67 £134.68
Ponderosa Pine 0.9 317.44 £132.16
1.8 1382.32 £226.05
2.7 2522.78 +542.74
45 2187.34 £716.08 -
Short-Needle Pine 0.9 499.87 £97.59
1.8 745.83 +158.70
2.7 2515.50 £549.61
4.5 1733.08 +504.55
Tall Fescue 0.8 43.13 +12.14
1.8 488.12+164.23
2.7 554.37 £7.79
4.5 316.51 £111.55
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At the next higher wind speed (2.7 m/s), the average mass loadings for all species are
higher compared with brass alone, with significant elavations in the pines (2522 and 2515
pg/eme versus 443 and 547 for the ponderosa and short-needle pines, respectively,

Tables 3.5 and 3.8). This is similar to what was observed In the mixed-smokes scenarios
(Cataldo et al. 1990b), where tha effect was attributed to the taller canopy structure and the
denser fine needle structure creating more eddies in the wind stream, permitting a higher
likelihood of surface contact and deposition. These same plants usually showed higher fog-

oil deposition in the past. This also apparently would aid in the retention of the brass flake on
the leaf surfaces.

At the highest wind speed tested, 4.5 m/s, there was an apparent decrease in the foliar
mass loading (Table 3.6). However, as noted above, the duration of the experiment was only
30 min, as opposed to the previous 60 min. Further, the atmospheric concentration during
this time was only 19 mg/m3, or ~66% of that of the other BR/FO runs,

AsS§ L.0f anga- Ak : gka. The range-
finding- experlment test aerles was used to follow contlnued daposltlon to the follage over
extended perlods (8 h) under similar environmental conditions. It also was used to determine
the persistence of the brass flake materlal following a simulated rainfail. The results of the
follar mass loading and leaching for these experiments are given in Table 3.7.

The results once again indicated a higher mass loading to the pine species, followed
by sagebrush, bush bean, and tall fescue, as noted for the BR/FO tests. There were general
increases with time of exposure In all specles. These appear to be fairly constant when the
sampling errors are considered. The overall values are lower for the 2 h, 1.8 m/s conditions
than for those of the wind-speed trials (e.g., 42 versus 148 for the bush bean; compare
Tables 3.7 and 3.5). This reflects the lower atmospheric brass-flake concentration (93 versus
154 mg/m3) during the range-finding series.

When an artificial rainfall was applied to determine the leaching potential of the brass
flake from the different tissue types, it was apparent that the bush bean retained the most
material over time, 50 1o 80%, as compared with sagebrush, tall fescue, and the pines at
approximately 20 to 4N% retention (Table 3.7). The flat, broad leaf surfaces of this species
may have permitted more of the flake to orient itself parallel 1o the surface and thus to com-
press, forming a series of layers to resist the effacts of the leachate. On the other species
much of the material was not able to achieve a uniform surface and thus was removed.
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JABLE3.7. FOLIAR MASS LOADING OF BRASS FLAKE TO VEGETATION DURING
RANGE-FINDING TESTS. WIND SPEED WAS 1.8 m/s AND RELATIVE

HUMIDITY WAS 50%
Exposure Foler Masa Loxing .

Species Duration Expoud(‘r Expoud/Lnohodm % Retained
U] (ugiom? £ 8D, n = 10 (glom? 8D, n = 4)

Bush Bean 2 5180 10,03 42,0 £ 11,30 77168 + 33.88
4 9120 t8.64 505 + 4,08 81.07 + 7.88
6 143,20 26,99 930 = 6.38 79.34 £ 6.50
8 1942 £ 17,68 978 + 14,88 80458 £ 9.34

Sagebrush 2 97.00 <+ 32,88 38.00 & 4.28 99.22 + 16.28
4 21540 +£83.28 77.80 £ 12,02 3239 + 11.81
8 20020 £76.24 9050 x 6.38 2879 £ .M
8 37120 + 0238 88,00 £ 9.80 2318 = 3.27

Ponderosa Pine 2 191.80 £ 111,93 41,00 & 4.24 4884 £ 9.79
4 392,00 £ 224,83 102,50 = 53.03 2402 * 7.42
8 464,40 £ 222,68 144,00 £ 1.40 2284 * 2.84
8 80400 * 183.45 101,00 + 5.68 2174 £ 2.87

Sheort Needle Pine 2 205.20 £ 14830 6850 = 9.18 26,87 1 17.93
4 20240 +68.88 76,80 + 20.81 60.08 * 21,37
8 858.20 X 178.18 7700 = 4.24 1488 = 1.982
8 440.20 * 198.21 82.00 £ 0.00 1918 = 3.32

Tall Fescue 2 7080 £21.73 1880 + 3.83 28.38 = 8.77
4 121.00 % 33.19 23,50 * 4.94 2589 + 0.07
6 168.20 + 15,18 81,50 = 26.18 3760 + 19.28
8 20840 £ 41.54 42,00 + 5.68 19.88 + 3.58

(® Non.leached exposed plants.

) Leaching/simulated rainfall was conducted within 2 h of contamination. 1t consisted of 350 mL of synthetic
rainwater passed through the canopy over 18 min and is equivalent to a 0.8-om rainfall.

‘
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Deposition Velocities of Brass Flake to Yagetation During Wind-Speed Tasts: Brass
Elaka. Deposition velocities (V) are routinely computed for experimental exposures to
provide a basis for estimating the transfer of smoke constitugnts from air to foliar and/or 8oil
surfaces. Once established, this parameter can be used to estimate follar or soil mass loading

and thus projected damage under fleld conditions, given air concantration, wind speed, and
relative humidity.

In all species except for the pines, Vy Increased with increasing wind speed (Table 3.8)
as with the other obscurants tested. Values of V4 ranged from 0.01 1o 1 cmvs, The pines
showed increasing values of V4 &t the two lower wind speeds, but velocities tended 1o level
off or decrease at the highaer speeds. This may be caused by the reduced surface area and
curvature of tha needles, making retention less efficlant and resuspension more likely. What
is more notaworthy is the substantially higher values of V4 lor brass compared with those of
the other smokes/obscurants tested. For example, in the grass and bush bean the V for
brass is at least 1 to 2 orders of magnitude greater than the values reported for WP and HC
(Cataldo et al. 1990b). For example, V4 = 0.005 cm/s for bush bean and 0.001 cmys for tall
fescue, with WP at 1.8 m/s, and 0.002 and 0.001 for HC, in the mixed-smoke scenarios.
Values for brags alone are 0.13 for bush bean and 0.12 for tall fescue (Table 3.8). These
ratios aiso held for the other species.

Elake/Fog QIl. The V4 valuas observed during the brass flake/fog oil wind-spaed tasts

(Table 3.9) again demonstrate increased deposition efficiency with increasing wind speed but
are substantially higher than for brass flake alone (Table 3.8). The overall V, values ranged
from 0.3 to 60 cm/s, representing a 3 to 100 times greater collection efficiency than for brass
alona. The codeposition of the fog oll to the leaf surface apparently either prevented resus-
pension of the deposited brass or affected brass agglomeration, Increasing its effective size

and deposition rate.
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JABLE 3.8 VALUES FOR DEPOSITION VELOCITY (Vd) OF BRASS FLAKE TO
' VEGETATION DURING WIND SPEED TESTS. TOTAL DURATION OF EX-
POSURE WAS 60 min AT 50% RELATIVE HUMIDITY. AVERAGE £+ SD, n= 6.
' Species Wind Speed Deposition Velecity (Vq)
(mve) (erve x 102)
l Bush Bean 0.9 13.01 + 2.22
1.8 2773 £ 6.88
l 2.7 56.83 + 19.53
4.5 $486 t 15.39
I Sagebrush 0.9 2089 1 487
1.8 82.24 + 8.20
2.7 120.50 + 33.67
l 4.8 234,08 + 64.54
Ponderosa Pine 0.9 37.63 = 7,88
1.8 11828 £ 24.88
l 2.7 82.08 * 11.87
4.5 50.64 = 12.51
I Short Needle Pine 0.9 43,78 = 7.08
1.8 128,54 + 30,82
2.7 101.21 £ 24.08
l 4.8 88.87 = 32.88
Tall Fescue 0.9 1232 = 2.78
I 1.8 4420 + 2.86
2.7 4452 + 7.1
. 4.5 6236 + 15.48
i 221




JABLE 3.8. DEPOSITION VELOCITIES (V4) OF BRASS FLAKE TO VEGETATION DURING
BR/FO WIND SPEED TESTS. TOTAL DURATION OF EXPOSURE AT 50%
RELATIVE HUMIDITY IS GIVEN IN TABLE. AVERAGE £ SD, n= 6.

Exposure
Species Time Wind Speed Deposition Valooity (V)
{min) (mvs) (onvs)
Bush Bean 80 0.8 036 = 0.01
62 1.8 1.49 % 0.40
60 2.7 314 +2.88
30 4.8 11.01 % 0.78
Sagebrush 60 08 1.08 £ 0.42
82 1.8 474 =+ 0.98
80 2.7 11.68 + 6.24
30 4,8 2880 % 3.94
Poriderosa Pine 80 0.9 294 + 1,22
82 1.8 1429 + 2.34
60 2.7 2180 £ 4.7
30 4.5 63.88 + 20.94
Short Needle Pine 80 0.9 463 £ 0.80
62 1.8 771 +1.64
80 2.7 21.84 £ 4.77
30 4.5 5067 + 14.78
Tall Fescus 80 0.9 040 £ 0.11
82 1.8 808 +1.70
60 27 481 £ 0.07
30 48 928 + 3.26

QN _yelo BS O Brass Fiakae 10 vaegeatation puring ~Mangas-+ingaing 1esig. orass
Elaka. The deposition velocities for brass flake during the range-finding tests were once
again higher than those observed for the previous obscurants tested, with V4 values ranging
from 0.07 cm/s for bush bean and tall fescue to 0.3 cm/s for the pines. Within the test series,
the highest values were observed in the pines (Table 3.10), as expected from the mass-
loading data presanted in Table 3.7. The relative consistence in V4 values among the
exposure durations indicates that aerodynamic processes govern deposition.
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JABLE 3.10. DEPOSITION VELOCITIES (V4) OF BRASS FLAKE TO VEGETATION DURING

RANGE-FINDING TESTS. WIND SPEED WAS MAINTAINED AT 4 mph
(1.8 m/s) AT 50% RELATIVE HUMIDITY. AVERAGE + SD, n= 6.

Exposure
Specios Duration Deposition Velosity (V)
(h) (onva x 102)
Bush Bean 2 799 £+ 1.88
4 881 + 0.88
] 891 £ 1.40
8 741 + 0.87
Sagebrush 2 1497 = 8,04
4 16,08 + 8.22
8 1300 + 3.88
8 14,16 = 3,91
Ponderosa Pine 2 2080 % 17.27
4 2027 = 18,77
] 2240 % 10,74
8 1923 + 7.00
Short:=Nesdls Pine 2 3187 + 2242
4 18.11 = 6,14
6 2692 =+ 8,89
8 1714 %+ 7.58
Tall Fescus 2 1080 + 3.38
4 .04 + 248
8 8.11 £ 0,73
8 708 + 1.59

3.2.2 Mass Loading of Brass Fiake to Exposed Solls

Soll Masa Loading During Wind Speed Tasts: Brass Flake. Levels of mass loading of
brass to soil coupons exposed during the wind-speed tests, shown In Table 3.11, indicate a
general increase In mass loading to the soll surfaces with increasing wind speed. Mass-
loading rates increase from 110 1o 130 ug/cm< at 0.9 cmvs to 400 to 600 pg/cm? at 4.5 cns.
The greatest average loading under these experimantal conditions was observed in the
Burbank and Cinebar solls, althougi thera was no significant difference between all three
types (P20.1).

3.23




JABLE 411 SOIL MASS-LOADING VALUES FCR BURBANK, CINEBAR, AND PALOUSE
SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS FLAKE

DURING WIND SPEED TESTS
Wind Spesd — SolMassloadrg gom@iSDned
{mve) Burbank Cinebar Palouse
0.9 191.8 £ 16.4 121.3 £ 14.0 134.4 £ 90,2
1.8 141.8 £ 12,0 193.9 £ 87.2 130.1 £ 7.7
2.7 232.0 + 26.3 220.1 £ 7.4 178.8 £ 11,5
.8 563.3 £ 101.0 £73.6 £ 98.4 a78.5 + 35.4

Soll Muss Loading During Wind Speed Tests: Brass Flake/Fog Qil Mass loading
valuas for soil coupons during the BR/FO wind-speed tests, shown in Table 3.12, indicate a
general lack of cerrelation betwaen wind speed and mass loading of brass in these tests.
However, as noted, generation orecblams existed in these dual-smoke exposures. The
significant increase in mass loading prompted by the presence of fog oil in the follar studles,
but Is reflected in deposition velocity data discussed below.

Soll Maas Loading During Range-Finding Teats: Srasa Flaka. In the range-finding
tests for brass alone, there appears to be no influence of soil type on mass loading
(Tablae 3.13). Mass-loading rates ranged approximately from 90 ug/cmz after 2 h of exposure
to 350 ug/cm2 after 8 h of expoture. The increases with time were also linear, indicating
constant deposition to these surfaces with time, as had been observed in the foliage.

WMMWW
K8 : : asts. in the wind: speed tests

of brass alone, values of Vd generally were comparable for each soll and ranged from 0.2 to
1.0 cnmvs ‘or the lowaest and highest wind speeds, respectively (Table 3.14). In the presence of
fog oll, values Increase o approximately 1 to 2.5 crm/s (Table 3.15). In thu presence of fog oll,
brass deposition was highly variable, but did not increase with increasing wind speed as
much as noted for the follar surfaces. Deposition velocities for brass alona in the range-
finding test series (Table 3.16) ware relatively constant at ~0.13 cm/s. The date do not
Indicate that soil type influences cellection efficiency. One would expect this, baged on the
AMMD of the brass flake, 5 um.
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JABLE 3,12 SOIL MASS-LOADING VALUES FOR BURBANK, CINEBAR, AND
PALOUSE SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS
FLAKE/FOG OIL WIND-SPEED TESTS. AVERAGES + 8D (n = 3).

Exposure
Wind Speed Time Burbank Cinebar Palouae
(mve) {min)
0.8 80 83.28 + 4.34 14717 £ 0,84 111.74 + 48.26
1.8 82 177.48 £ 27.41 386.76 £ 2.85 138,33 12,07
2.7 80 113.38 + 11.68 397.46 + 2439 138,27 & 4.81
4.5 a0 00,49 £ 18,28 434,87 + 40.94 123.94 £ 28,43

JABLE 3.13. SOIL MASS-LOADING VALUES FOR BURBANK, CINEBAR, AND PALOUSE
SOILS FOLLOWING ATMOSPHERIC EXPOSURE TO BRASS FLAKE

DURING RANGE-FINDINQ TESTS
Exposura
Duration Burbank Cinebar Palouse
(h)
2 848 £ 149 79+862 89.1 £ 18.7
4 153.7 £10.8 2121 £ 428 198.9 £ 26.0
[ 248.9 £ 30.8 200.9 £ 27.0 3029 £ 38.3
8 308.2 £ 209 3149 £ 194 349.9 £ 32.8
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TABLE 3,14 SOIL DEPOSITION VELOCITY (V4) VALUES (cm/s) FOR BURBANK,
CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC
EXPOSURE TO BRASS FLAKE DURING WIND SPEED TESTS.
TESTS CONDUCTED FOR 1 h AT60% RELATIVE HUMIDITY.
AVERAGE + SD, n=3.

——————DapoationVeloalty (Vo) (onvex10?)

Wind Speed Burbank Cinebar Palouse
(mveec)
0.9 1722+ 2.83 18,72 £ 2,18 20,74 £ 7.78
1.8 28,22 + 2.22 3591 + 10.88 25,78 + 1.43
2.7 42.98 + 4.87 42,43 £ 1.0 33.08 + 2.13
4.8 120,36 = 21.58 122.56 + 21.03 80.24 + 7.56

JABLE3.15. SOIL DEPOSITION VELOCITY (V4) VALUES (cnvs) FOR BURBANK,
CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC
EXPOSURE TO BRASS FLAKE DURING BR/FO WIND SPEED TESTS.
TESTS CONDUCTED FOR 1 h AT 60% RELATIVE HUMIDITY.
AVERAGE £ SD, n = 3.

Wind Exposure Degaation Velocity (Vl(com)
Speed Time Buroank Clnabar Palouse
(mve) (min)
0.9 80 0.86 + 0.04 1.36 + 0.01 1.03 £ 0,45
1.8 62 1.64 £0.25 4.00 + 0.03 1.20 £ 0.04
2.7 60 0.98 £ 0.10 3.45£0.21 1.20 + 0.04
4.5 30 2651045 3.62 +£ 0.83 2.71 £1.20
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JABLE 3,16 SOIL DEPOSITION VELOCITY (V4) VALUES (cnvs) FOR BURBANK,
CINEBAR, AND PALOUSE SOILS FOLLOWING ATMOSPHERIC EXPOSURE
TO BRASS FLAKE DURING RANGE-FINDING TESTS. TESTS CONDUCTED
AT 4 mph (1.8 m/s) WIND SPEED AND 50% RELATIVE HUMIDITY.
AVERAGE i SD, n = 3.

Exposure e Decosfton Velacity (V) (cmVagc x 102)

Dur(;;‘on Burbank Cinebar Paluuse
2 14.58 +£2.30 12,02 £ 0.96 13.78 £ 2.88
4 11.48 £0.79 15,84 £ 3.20 14.93 £1.94
8 12,00 +1.47 14,48 + 1,30 14,61 £1.80
8 15.08 £ 0.80 12.02 £ 0.74 13.38 £ 1,28

Bmas_ﬂam Plant synptomatoloqy 1or the brass flake wind speed serles at 30 days jpost-
exposure is summarized in Table 3.17. With the exception of sagebrush, brass did not
appear 1o be directly phytotoxic to any of the species tested over this time. Long-term
exposures (i.9., >3 months, not shown) of the tree species where the material has not been
allowsd to incorporate into “he soll similarly have resulted in no detectable impacts.

The only damage noted during this period was to sagebrush expased to high loadings
of brass in the 4.5 m/s wind speeds. These plants received the highest mass loading of any
of those lested, but the symptoms (wilting, leaf curl, and leaf diop) occurred within 24 h after
axposure and, given the inert nature of the material, the obsarved phylotoxic responses may
have had an unrelated cause, althouyh it is unknown for sure at this time.

In the range-finding senas (not shown), no effects were noted for ary of the plant
species with mass loading rates of 511 10 400 uolcm2 follage. Post-exposure leaching had
no ameliorating or pusitive effect on toxicity. Plants (sagebrush and pinaes) appeared !0
remain ir. gooa conditicn for up to 120 days post-exposure even though the brass flake was
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still visible on their surfaces, and had not complately been lost during normal watering and
handling operations in the greenhouse.

JABLE 3.17. PLANT SYMPTOMATOLOGY TO ATMOSPHERIC BRASS FLAKE EXPOSURE
DURING WIND SPEED TESTS, THE SYMPTOMATOLOGY READINGS ARE
THL FINAL MEASUREMENTS, TAKEN 30 DAYS POST-EXPOSURE.

Plant Species Wind - Toxicity Reaponas(®
Speed Mass Loading Damage Index Symptomatology

() (wg/om2)(©)

Bush Bean
0.9 84,30 £ 14.40 1.0 OANGDH
1.8 149.72 + 37.08 1.0 O&NGDH
2.7 308.82 + 105.47 1.0 Q&NGDH
4.5 443,94 £ 72.04 1.0 O&NGDH

Sagebrush
0.9 193.71 + 31.34 1.0 O&NGDH
1.8 444,07 1 44,28 1.0 O&ANGDH
2.7 850.70 + 181.84 1.0 O&NGDH
4.5 1095.40 + 302.08 4.0 W.LC, LD

Ponderosa Pine

0.9 243,86 + 50,93 1.0 OANGDH
1.8 622.49  133.18 1.0 O&NGDH
2.7 443,25 + 84.08 1.0 OANGDH
4.5 237.01 + 58.55 1.0 O&NGDH
Short Needle Pine
0.9 283.78 + 4576 1.0 OANGDH
1.8 694.11 £ 164.85 1.0 O&NGDH
2.7 546.51 £ 129.92 1.0 O&NGDH
4.5 400.84 £ 183.79 1.0 OaANGDH
Tall Fescue
0.9 79.83 £ 17.90 1.0 O&NGDH
1.8 238.68 + 15.44 1.0 O&ANGDH
2.7 240.39 £ 38.40 1.0 O&NGDH
4.5 20185 + 72.34 1.0 O&NGDH

@ Daubenmire scale and symptomatology definitions.
(b) Average Foliar Mass Loading + SD (n = 8).
) Two of three plants died. Remaining plant appeared healthy.
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P ; g Qll. A slight
degree of phytotoxlclty occurred c‘urlng the comblned BH/FO exposures (Table 3.18), par-
ticularly in the bush bean and short needle pine at the higher wind speeds. In beth cases, the
symptoms -- necrotic spotting, blade dieback, and leaf curl -- were similar to those observed
with fog oil alone (Catalkio et al. 1989). For individual plants, the sites of the most visibie
phytotoxic symptoms were those that also appeared 1o have the highest depositions of fog

JABLE 3.18. PLANT SYMPTOMATOLOGY TO ATMOSPHERIC BRASS FLAKE/FOG OIL
WIND SPEED TEST EXPOSURES. THE SYMPTOMATOLOGY READINGS
ARE THE FINAL MEASUREMENTS TAKEN 30 DAYS POST-EXPOSURE.

|y Ul R Ul =R Sl e

Brass Toxicity Besponse®™
Wind Speed Mass Loading Damage Index Symptomatology
Plant Species (rvs) (ug/omz)(b)
. Bush Bean
0.9 38.51 £1.30 1.0 O&NGDH
1.8 148,68 + 38.42 1.0 Q&NGDH
l 2.7 592,38 + 293.41 3.0 W, LC,N8
4.8 376.68 * 26.88 3.0 NGA, W, LC, NS
. Sagebrush
0.9 112,92 + 48.78 1.0 O&NGDH
1.8 457,99 + 82,17 1.0 O&NGDH
' 2.7 1342.92 £ 718.90 1.7 NGA, Chl, BD, LD
4.5 919.87 + 134.68 3.5 Chl, W, LD,
Ponderosa Pine
l 0.9 317.44 £ 132,16 1.0 O&NGDH
1.8 1382.32 + 228.05 1.0 O&NGDH
2.7 2522.78 £ 542,74 1.5 NS |
I 4.5 2187.34 £ 716.08 1.5 NS |
Short Needle Pine
' 0.9 499.67 £ 97.50 1.0 O&NGDH
1.8 748.83 + 188.70 1.0 O&NGDH
2.7 2515.50 + 545.61 2.5 BD, NS, NGDH
. 4.5 1733.08 £ 504.55 3.5 BD (3.5), NS
Tall Fescue
0.9 43.13 £ 12.14 1.0 O&NGDH
l 1.8 488.12 + 164.23 1.3 T8 (3.0
2.7 55437 £ 7.79 1.7 TB (8.0)
4.5 316.51 £ 111,58 1.7 T8 (5.0)
I (® paubenmire Scale and Symptomology Definitions.
®) Average Foliar Mass Loading £ SD (ns3),
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oil on their surfaces. There may have been a slight synergistic effect of the brass flake,
exacerbating the effects of the relatively low level of fog oil, but more likely, the fog oil may
have been responsible for the majority of the damage.

The metabolic response of the plants to the brase flake in the wind-speed tests was
assessed by measuring the net photosynthesis and dark respiration of selected tall fescue
and ponderosa pine plants following exposures at 0.9, 1.8, and 4.5 m/s (2, 4, and 10 mph).
Aithough there was a slight reduction, immediately following exposure, in the photosynthetic
rate for the 2- and 4-mph tests, no long-term deleterious effects were evident either on net
photosynthesis or dark respiration for periods of up to 21 days post-exposure (Figure 3.6). It
should also be noted that the brass flake on the leaves appeared to be quickly dispersed off
of the leaves through plant motion occurring in the growih chambers, and from the manipula-
tions of placing them in the photosynthesis test chambe, which occurred even though special
efforts were mada to prevent sudden movements of the plants during handling.

The loss of activity observed at the highest wind speeds (10 mph, Figure 3.6) was only
temporary, and the plants quickly recovered. The Initial loss of activity may have been due 10
thigmotropic responses to the force of the wind itself or to a shading effect of the brass flake
on the surface of the plant leaves. These plants retained a substantial portion of the
deposited brass material over the measuring period, which may have resulted in an initial
reduced rate, but in a sustaining manner.
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EIGURE 3.6 WHOLE-PLANT NET-PHOTOSYNTHESIS AND DARK-RESPIRATION RATES
(umole CO,/s) FOR A TALL FESCUE AND A PONDEROSA PINE PLANT
EXPOSED TO ATMOSPHERIC BRASS FLAKE FOR 80 min AT ~150 mg/m3
AND 50% RELATIVE HUMIDITY AND 10 mph WIND SPEED. MEASURE-
MENTS WEPRE TAKEN AT DAY 1 AND FOR THE PERIOD FOLLOWING
EXPOSURE.

34 BESIDUAL EFFECTS OF FOI|AR-DEPOSITED BRASS ON DRY-MATTER
PRODUCTION IN TALL FESCUE

Tall fescue plants foliarly contaminated in the aerosol/contact toxicity tests were
harvested 30-days post-exposure and allowed to regrow for an addition harvest of shoot
tissues. This procedure permitted us to avaluate any residual effects of foliarly absorbed
brass contaminants on biomass production.
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3.4.1 Wind-Speed Tasts: Brass Flake

Follar loading of the brass-flake material at the various wind speeds appeared to
slightly affect the dry-matier accumulation of tall fescue over the 30-day growth period
following exposure. As seen in Table 3.19, there were slightly significant (0.06 confidence
level) reductions in the dry weight of grasses exposed at the higher wind speeds, 2.7 and

4.5 m/s, although these reductions were only approximately 12 to 18% of control tissues
values.

The biomass reduction obsarved for the first harvest, was not seen in the second
harvest treaiments. Thus, it is ilkely that the first-harvast growth reductions were due to either
the shading effect of the brass flake deposited to foliage or absorption of Cu and/or Zn
associated with the brass, aithough the latter is unlikely.

JABLE 3.19. EFFECTS OF BRASS-FLAKE AEROSOL WIND-SPEED TESTS ON

THE REGROWTH (DRY MATTER PRODUCTION) OF EXPOSED(® TALL
FESCUE AT 30 AND 60 DAYS POST-EXPOSURE

Treatment First Harvest Second Harvest
Control 6.26+ 0.47 3.81+ 0.36
0.9 m/s 5.92+ 0.06(® 4,38+ 0.24(®
1.8 m/s 5.07+ 0.480 4,961 0.57©
2.7 m/s 5.541 0.140) 4.59+ 0.55(9
45m/s 5.17+ 0.83) 3.84+ 0.80()

(8 See Table 3.5 for rates of follar mass loading.
®) Nt Significant,

© Significant at 0.05 confidence 1avel using a one-tailed t-Test,




34.2 Wind-Speed Tests: Brass Flake/Fog Oll

Highly significant (P<0.01) reductions were evident In dry-matter productions for tail
fescue exposad to the BR/FO at the higher wind speeds (2.7 and 4.5 m/s, Table 3.20). Thess
reductions were more severe than those observed with brass aione, but they were not
observed at the second harvest after the foliage that had received the exposure was
removed. The leaves appeared to retain the brass flake longer following co-exposure with
fog oil. This may have promoted additional shading, thereby reducing dry-matter production
from photosynthesis. Upon removal of these affected leaves and regrowth, no effects were
noted, indicating that brass/fog oll aerosols have little residual impact.

JABLE 3.20. EFFECTS OF BRASS FLAKE/FOG OIL AEROSOL WIND SPEED TESTS

ON THE REGROWTH (DRY-MATTER PRODUCTION) OF EXPOSED®
TALL FESCUE AT 30 AND 60 DAYS POST-EXPOSURE

Treatment First Harvest Second Harvest

Control 9.56+ 0.37 5.83+0.61

0.9 m/s 10.00x 1.63® 6.22+ 0,74(®)
1.8 mvs 10.112 1.11®) 6.29+ 0.21(®
27 /s 6.93: 0.29( 5.60+ 0.430)
45 m/s 6.81+ 0.69( 5.74+ 0.84(0)

(8) See Table XX for rates of follar mass loading.
(®) Not Significant,
© Significant at 0.01 confidence (evel using & one-tailed t-Taast,

3.4.3 Hange-Finding Tests: Brass Flaka

As seen in Table 3.19 slightly significant (P<0.05) reductions in dry-matter production
were evident immediately following exposure for all of the exposed plants (first harvest). With
one excaeption, that of the 4-h exposure, this reduction was not observed after the axposed
tissue was removed (second harvest). It is likely that the 4-h values are erroneous, since
mass loadings for the 4-h treatment were lower than that of the 6- and 8-h treaiments. For
those plants that were leached with a simulated rainfall inmediately following exposure, and
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thus had their foliar-loading levels reduced (see Table 3.7), no differences in dry-matter
accumulation compared with non-leached treated plants ware apparent (Table 3.21). This
may support the concept that the negative effects on dry-matter accumulation by the brass
flake are the resuit of external shading, which reduces total carbon assimilation over the
extended period of 30 days. Removing these “shaded" leaves permitied a return 1o the
control activity levels. This again implies that the brass-flake constituents are ..ot weathering

on foliar surfaces and thus that constituents are not being absorbed into the plant through the
leaves.

JABLE 3.21. EFFECTS OF BRASS-FLAKE AEROSOL RANGE-FINDING TESTS ON
THE REGROWTH (DRY-MATTER PRODUCTION) OF EXPOSED(® AND
EXPOSED/LEACHED® TALL FESCUE AT 30 AND 60 DAYS POST-

EXPOSURE
Days DRry Matter Production (Average g dry weight + SD.n » 3)
Post Exposure Treatment Exposed Exposed/Leached
30 Control 9.41+1.09
2h 717+ 1,130 7.71% 0.76
4h 6.11% 0.3200) 6.65+ 0.040)
8h 7.48% 0.550) 7.84% 1,540
8h 7.42+ 0.99() 7.35+ 1.31@
60 Control 6.70£0.18
2h 5.66x 0.290) 5.58+ 0.090
4h 5.42+ 0.50©) 6.39+ 0.07@
6h 7.17+ 0.91@ 7.19+ 0.5\
8h 6.67+ 0.49(d .52+ 0.73@

() Foliar mass-ioading rates given in Table 3.7.

(b) Leaching/simulaied rainfail was conducted within 2 h of contamination, !t canasisted of 350 mL of synthetic-
rainwater passed through the canopy over 15 min, squivalent to a 0.5 om rainfall.
(© Significant at 0.05 confidence level using a one-tailed t-Test.

(d Not significant.
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3.5 BLANT/SOIL AMENDMENT STUDIES

Soil amendment studles using brass flake were undertaken for three reasons. The first
was 1o simulate the effects of brass at soil concentrations higher than those that can be
reasonably produced in the wind tunnel. The sacond was to provide a reasonable range in
soll concentrations to simulate those fleld instances where brass use has been recurrent.

The third was to allow soil weathering rates of brass and the effect of brass on biotic
processes to be evaluated. Soils were amended with 0, 25, 100, 500, and 2500 ug brass/g
dry wt soll and were evaluated after 100 and 440 days. Four solil treatments were used, and
plant availability, toxicity, and tissue concentrations of Cu, Zn, and related soll cations were
assessed. Impacts of these treatments on soil microbial processes are provided In Section
3.8

3.5.1 Soll.Chamistry of Amended Brass

Brass flake used for training or testing will be deposited to soil surfaces. One of the
major requirements for understanding whether advarse environmental impacts from brass
occur I8 to correlate solubilization of Cu and Zn with subsequent mobility of solubilized
elements and secondary biclogical effects. This requires that suitable extraction mathods be
used to quantify soluble and/or bioavailable Cu and/or Zn. Since these ions are chemically
dissimilar with respect to organic complexation, sorption to mineral surfaces, and hydrolysis,
a single extrattion method may not be appropriate.

The only available data related to the weathering of brass in soils is that of Wentsel
and Gueita (1986a). These studies showed brass powder to weather significantly over
8 months; associated biotic effacts were also noted (Wentsal and Guelta 1986a; Wentsel
1986). However, these studies involved soils having very limited ranges in physicochemi-
cal characteristics (low pH and high organic matter). Thus, the purpose of the present study
was to extend the available data base to include soils with higher pH and wider ranges of
organic-matter content; soils selected for this study are representative of Northwest forest
solis (Cinebar), semi-arid desert soils (Burbank), and irrigated Western culitivated soils
(Palouse). The study was daesigned to evaluate the weathering of brass over 12 to
18 months and to correlate weathering with both terrestrial-plant and soil-microbial impacts.
Two soil systems were used to evaluate weathering: soil/pot studies using all soils except
Cecll, and soll column studies using all four soils.

influence of Brass on Soil pH. Actual moisture contents of the soil pots at analysis
generally were within 90% of the target moisture content (Table 3.22). Since these pots
were sampled 1 day following the last watering, such leveis were expacted. The pH values
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JABLE 3.22. MOISTURE CONTENT AND pH OF BRASS-AMENDED SOILS SAMPLED AT
100 TO 440 DAYS AFTER PREPARATION

TARGET BRASS CONCENTRATION (g g aver dry sall)

Soll Parameter Units c 28 100 500 2500
Burbank Moisture %WOD 18.7 271 21.8 20.9 22,2
Moisture Y%/target 81.3 118.0 83.8 91.0 98.8
pH/100 days /H20 8.80 7.1 7.39 7.43 7.99
pH/250 days H20 7.48 7.14 7.28 7.48 7.89
pH/440 days /H20 6.98 8.94 7.28 7.30 7.77
Cinebar Moisture %00 48.4 47.8 47.2 47.0 48.4
Maisture %itarget  105.1 104.0 102.7 102.2 1009
pH/100 days /H20 5.33 5.28 5.28 5.28 578
pH/250 days /H20 5.34 8.23 5.08 5.09 8.45
pH/440 days /H20 8.19 8.00 4.92 5.03 5.34
Palouse Moisture *%0OD 24.8 24.2 28.2 26.1 287
Moisture %/target 94.1 83.1 §e.7 88, 98.7
pH/100 days  /H20 4980 848 5.49 5.68 8.30
pH/250 days /H20 5.18 §.20 5.14 5.40 8.10
pH/440 days /H20 4,98 5.03 8.07 5.28 8.02
Paiouse+«OM Moisture %OD 25.1 243 24.3 231.7 242
Moisture %/target 98.8 03.5 93.3 91.1 83.2
pH/100 days /H20 5.48 5.38 8.40 5.68 8.40
pH/280days /H20 5.34 4.73 8.19 8.37 8.23
pH/440 days /H20 5.1 5.00 5.02 8.28 8.02

(a) Reading done at ~150 days, the last ~30 under dark refrigaration (4°C); a ssconri analysis at 4 days was 5.41,
An earlier reading (8.4) at 100 days was suspected as being misrecorded.

both for water (not shown) and 0.01 M CaCl, extractions tended to increase with increasing
level of brass amendment, except in the high ordanlc-matter Cinebar soil. Calcium chloride
is used to minimize the suspension effect (i.e., the difference in sediment and supernatant
pH) by increasing the background electrolyte concantration; CaClp-based pH values
generally run slightly lower than, but are well correlated with, those in water. Thig generality
holds in these amended soils, where the difference is usually in the range of 0.1 t0 1.0 log
units. The observed increase in soil pH with increasing brass level can result sither from
disruption of hydrogen-ion equilibrium by the solubllized components of the brass or from
secondary effects on microbial activity. However, at each amendment level, pH values tend
10 decrease with time of equilibration, indicating that equilibrium has not been reached with
regard to weathered components of the brass.
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We presumae the increased pH to result from the formation of the +2 lon following Initial
oxidation by dissolved oxygen, as indicated in the generalized equations

2M + Og-->2MO
MO + HaO ~>M*242 OH"

Pore-water displacemant may be the most direct indicator of truly scluble companents
in the soil pots. These most likely are less than would be considered available for plant
uptake. Considerable variation In response of the three soils to brass amandment is noted In
this limited analysis set (Table 3.23). In particular, the overall decrease in soluble ionic
content in the amended Cinebar is surprising. For Burbank, the higher pH suggests that the
solubliized Cu should be driven to CuO, and the Zn to Zng(OH)g(CO4)2 (Baes and Mesmer
1976), since the organic content of this soil is minimal. The low soluble levels of Cu and Zn
indicate that this Is occurring. The solil organic content and the increased dissolved organic
carbon (DOC) in brass-amended Cinebar could have competing effects on dissolved Cu,
which would otherwise be expected to show slight contribution (0.01%) as Cu*2, Zinc would
be less affected by organics, and would be expected to occur as Zn*2 (Baes and Mesmer
1976). Metal distributions in brass-amended Palouse+OM should be similar to those
proposed for Cinebar. These results’indicate that both Cu and Zn are behaving as expacted
in these solls.

Selactive Extractions of Brass-Amended Solls. In Tables 3.24 and 3.25, selective
extraction results are reported on a pg/g oven-dry soll basis. Following subtraction of the
background levels contributed by native soil minerals, defined as those lavels exiractable
from the unamended solls, metal content is then described in terms of percent of the corres-
ponding metal amendment (Tables 3.25 and 3.26). To provide & uniform basis on which to
report metal distribution in selective exiraction categories, we have used the results from Parv
bomb acid digestion of the amended soils as the denominator. This procedure provides a
direct method for comparing resuits over time, but is hampered by its inflexibllity to recoveries
that might reflect heterogeneity in the samples, or the general improved recoveries as
summed over the sequential extraction. Recall that the Parr extractions generally yielded
results about 10% lower than the target concentration, suggesting incomplete solubilization
in the bomb extraction (or, more likely, the inability to prevent re-adsorption). For these data,
recovery based on selective extraction from the weathared solls generaily yiekis Zn
recoveries in excess of the Parr bomb resuits, suggesting that the combination of extractants
might be alding in solubilizing the metals.
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JABLE 3.23. COMPARISON OF READILY SOLUBLE COMPONENTS IN FREON-DISPLACED
PORE WATERS OF CONTROL AND BRASS-AMENDED SOILS (100 DAYS)

0 2500 0 2500 0 2500
Component Burbank  Burbank Clinebar Cinebar Palouse+OM  Palouse+OM
pH (pH units) 6.81 8.07 5.22 5.34 4.90 5.64
ml/g OD soil 0.21 0.21 0.44 0.43 0.24 0.23
% Ha O displaced 81.2 60.4 323 27.8 38.8 4.4
Cu 0.01 0.47 0.01 0.87 0.01 1.18
Zn <,01 0.1 0.02 6.04 <.01 18,68
Al <.03 <.03 0.49 0.13 0.12 0.10
Ba 0.17 0.21 31 1.0 0.21 1.7
Ca 84.0 93.4 438.3 140.4 252.5 264.8
K 40.4 85.68 120.2 75.0 197.0 162.6
Mg 3.4 33 828 17.9 10.7 10.7
Mn <.001 <.001 0.30 7.91 0.02 0.003
Na 2.5 2.7 9.8 8.4 3.1 3.0
P 0.83 0.24 0.28 0.18 0.96 0.37
S 16.2 a.9 12.3 8.0 34.2 14,8
Sr 0.38 0.38 9.96 3.2% 1.81 1.77
oy 5.9 6.6 33.6 12.2 27.9 31.6
NO3* 387.3 268.3 2119 804.2 1230 1222
8042‘ 27.8 25.9 5.1 8.7 21.2 33.%
E* 0.06 0.85 0.03 0.01 0.01 0.08
Organic C 19.8 38.4 21.7 27.2 14.8 23.0
Inorganic C 2 3c.8 0.2 0.3 0.2 0.3
NH4+ o 0.44 0.12 0.18 0.09 0.22
meq Cations 7.09 8.01 35.9 13.8 21.8 2.2
meq Aniona 6.88 7.63 38.2 13.8 21.2 21.3
Anion-Cation
Balance® 0.017  0.024 0.009 0.010 0.017 0.021

(@) Anion-cation balance is defined as (oation meq

- anion meg)/(cation meq + anion meq)
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JABLE 324 COMPARISON OF EXTRACTABLE Cu DISTRIBUTIONS IN CONTROL AND
l BRASS AMENDED SOILS, PRIOR TO SUBTRACTION OF CONTRO-SOIL
CONTRIBUTION®)

Soil/ Target Brass Concentration (ug Cu/g oven dry soll)
Parameter Days 0 25 100 500 2500
Burbank

Exchangeable 0 <.4 nd(®) nd nd 2.4
Exchangeable 100 0.4 0.6 0.7 2.2 1.8
Exchangeable 280 0.2 0.3 0.8 2.0 1.8
Exchangeable 440 -0 =0 =0 1.8 0.9
inorganically bound 0 <.4 nd nd nd 1540
Inorganically bound 100 0.1 8.1 33.8 242 1382
inorganically bound 250 0.1 4.9 34,9 287 1386
Inorganically bound 440 =0 4.8 31.9 260 1838
Organically bound 0 2 nd nd nd <13
Organiocally bound 100 2.1 10.0 19.2 33,0 43.1
Organioally bound 250 1.2 8.9 187 neg'® neg
Qrganiocally bound 440 =0 9.9 18.8 neg neg
Residual, K4P207 0 3 nd nd nd 27
Residual, K4P207 100 14,0 15.4 26,3 87.3 313
Residual, K4P207 250 11.8 16.0 27.7 89.0 3390
Redldual, K4P207 440 10.3 18.2 28.0 107.2 457
Residual HAc 0 4 nd nd nd 108
Residual, HAe 100 1341 23.8 44.9 83.3 191
Residual, HAc 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd
Clnebar

Exchangeable 0 <.4 nd nd nd a7
Exchangeable 100 0.8 0.7 0.9 39 34.8
Exchangeable 250 <.4 <.4 05 3.9 30.5
Exchangeable 440 ~0 =0 =0 2.3 30.9
Inorganically bound 0 <.4 nd nd nd 858
Inorganically bound 100 0.2 1.3 55 58.9 682
inorganically bound 250 0.1 0.9 5.1 58.2 853
Inorganically bound 440 ~0 0.7 43 50.2 580
Organically bound 0 9 nd nd nd 526
Organically bound 100 8.2 18.3 48.5 177 668
Organically bound 250 6.4 141 39.1 142 549
Organically bound 440 8.0 15.5 388 183 647
Residual, K4P207 0 11 nd nd nd 316
Residual, K4P207 100 32.8 41,5 87.3 129 448
Residual, K4P207 250 34.1 39.7 60.9 138 480
Residual, K4P207 440 33.1 as.1 57.1 143 488%
Residual, HAc 0 18 nd nd nd 874
Residual, HAc 100 42.9 59.9 98.4 298 1140
Residual, HAc 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd




JABLE 3.24 (CONTD) I
Soll/ Target Brass Concentration (ug Cu/g oven dried soll)
Parameter Days 0 25 100 500 2800
Palouse l
Exchangsable 0 <.4 nd nd nd 34
Exchangeable 100 0.4 0.0 1.2 13.2 48.1 l
Exohangeable 250 <.4 0.3 1.0 14,5 84,2 :
Exchangeable 440 =0 ~0 =0 12.1 80.3
Inorganically bound 0 <.4 nd nd nd p78
Inorganically bound 100 0.2 0.5 8.2 87.4 838 .
Inorganically bound 250 0.2 0.7 6.2 82.3 8858
Inorganically bound 440 =0 0.6 8.8 90.6 801
Organically bound 0 6 nd nd nd 475
Organically bound 100 5.3 19.1 50.8 220 648 ’:
Organically bound 250 4.8 1741 48.1 188 494 ‘
Organicaily bound 440 5.9 18.4 47.3 177 439 :
Residual, K4P207 0 4 nd nd nd 141 l
Residual, K4P207 100 153 20.8 26.8 87.2 217
Residual, K4P207 250 8.2 15.4 23.2 84.4 219 '
Residual, K4P207 440 14.3 20.8 30.2 88.8 280
Reaidual, HAc 0 7 nd nd nd 688 '
Residual, HAc 100 66.4 38.8 78.1 289 798
Residual, HA¢ 250 nd nd nd nd nd
Residual, HAG 440 nd nd nd nd nd '
Palouse+OM
Exchangeabls 0 <.4 nd nd nd 29 '
Exchangeable 100 0.8 0.8 1.3 1.1 40.5 .
Exchangeable 250 <4 0.3 1.1 13.1 48.1
Exchangeable 440 =0 =0 =0 1.9 49.9
Incrganically bound 0 <.4 nd nd nd 950
Incrganically bound 100 0.4 0.7 8.8 90.2 806 .
Inorganically bound 250 0.4 0.7 8.7 93.9 851
Inorganically bound 440 =0 0.6 6.4 87.2 847
Organically bound 0 8 nd nd nd 498 '
Organically bound 100 5.4 18.1 53.1 224 884
Organicn!lv bound 250 5.0 17.2 50.1 198.0 585
Organically bound 440 4.7 16.1 50.3 191 802
Residual, K4P207 0 4 nd nd nd 128 !
Residual, K4P207 100 14.6 18.9 28.5% 56.0 217
Raesidual, K4P207 250 11.3 18.7 25.4 51.3 228
Residual, K4P207 440 14.4 20.1 29.9 64.8 237 '
Residual, HAc 0 8 nd nd nd e7a .
Residual, HAc 100 211 385 81.9 263.2 782.3
Residual, HAg 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd |

(@) 1 w2 at 0 days; n =1 for all other.
®) nd: not determined.

© neg: negative result to the determination of this value by subtracting exchangeable plus inorganic
compartments from the pyrophosphate-extractable compartment.
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: JABLE 3.28. COMPARISON OF EXTRACTABLE ZN DISTRIBUTIONS IN CONTROL AND
l BRASS-AMENDED SOILS, BEFORE SUBTRACTION OF CONTROL-SOIL
‘ CONTRIBUTION (n = 1).@
Soll/ Target Brass Concentration (ug Zn/g oven dry 80il)
Parameter Days 0 25 100 800 2500 .
' Burbank
Exchangeable 0 $.4 nd® nd nd 8
i Exchangeable 100 0.3 0.7 1.1 14.9 16.4
~ Exchangeable 250 0.5 0.4 1.4 14.2 16.8
' Exchangesble 440 w0 -0 =0 13.1 17.8
Inorganically bound 0 1 nd nd nd 268
Incrganically bound 100 0.8 4.3 18.8 70.8 438
_Inarganically bound 250 0.7 3.9 14,2 71.8 408
I Inorganically bound 440 =0 4.2 16.4 86.1 541
Organically bound 0 8 nd nd nd =50
Organically bound 100 10.8 1.8 5.2 12.8 107
Organically bound 250 2.5 3.2 4.2 7.8 7041
l Organically bound 440 w0 neg® neg neg neg
Residual, K4P207 0 10 nd nd nd =50
Residual, K4P207 100 48.2 51.8 58.3 87.7 184
Residual, K4P207 250 46.8 48.1 541 85.0 184
Resldual, K4P207 440 47.8 47.5 51.8 88.8 228
Residual, HAc 0 10 nd nd nd =38
Residual, HAc 100 51.2 49.7 57.3 84.5 90.4
Residual, HAC 250 nd nd nd nd nd
Residual, HAG 440 nd nd nd nd nd
Cinebar .
Exchangeable 0 s.4 nd nd nd 278
Exchangeable 100 0.7 1.8 6.1 47.5 260
Exchangeable 250 1.6 2.1 5.8 48,7 2658
Exchangeable 440 =0 1.8 4.8 as.8 243
l Inorganically bound o 8 nd nd nd 308
Inorganically bound 100 <.4 1.1 171 11.0 257
Inorganically bound 250 3.5 5.2 108 36.6 172
Inorganically bound 440 3.3 5.8 10.7 44,3 227
l Organically bound o 12 nd nd nd 0
Organically bound 100 18.7 10.0 15.7 58.0 82.0
Organically bound 250 9.0 10.3 14.0 18.1 78.0
] Organiocally bound 440 neg 8.3 9.8 6.2 neg
' Residual, K4P207 0 as nd nd nd 130
Residual, K4P207 100 118 116 120 142.2 274
Residual, K4P207 250 112 114.9 137 145 297
Residual, K4P207 440 112 108 119 153 288
' Residual, HAe ] 30 nd nd nd a4
Residual, HAc 100 132 131 141.7 1586 269
Residual, HAc 250 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd




JABLE 3.25. (CONTD) l
Soil/ Target Brass Concentration (ug Zrvg oven dry soil)
Parameter Days 0 28 100 500 2800
Palouse .
Exchangeable 0 <4 nd nd nd 288
Exchangeable 100 0.4 <4 8.4 88.7 300
Exchangeabie 280 1.2 1.2 8.8 688 307 '
Exchangeable 440 =0 =0 4.1 5854 283
Inarganically bound 0 1 nd nd nd 262
Incrganically bound 100 1.5 1.8 7.1 a1.7 212 .
\ narganically bound 250 0.6 1.8 5.9 2458 182
\ (norganically bound 440 0.5 1.5 8.0 38.7 258
. Organically bound 0 12 nd nd nd 104
Organicalybound 100 7.4 11.0 11.8 30.2 97.1 '
Organically bound 250 3.7 8.9 11.8 337 98.8
Organically bound 440 neg neg 8.7 128 neg
Residual, K4P207 0 10 nd nd nd 80
Residual, K4P207 100 88.2  62.2 81.9 783 138 l
Residual, K4P207 2580 48.5 88.7 88.4 701 133
Residual, K4P207 440 84.2 87.6 82.1 809 184
Residual, HA¢ 0 12 nd nd id 74
Residual, HAO 100 884 667 73.0 83.8 141 l ]
Residual, HAc 280 nd nd nd nd nd
Residual, HAc 440 nd nd nd nd nd _
Palouss+OM '
Exchangeable 0 <.4 nd nd nd 250
Exchangeable 100 0.8 1.2 7.4 68.1 208
Exchangeable 280 1.0 1.7 8.7 89.2 292 ,
Exchangeable 440 ~0 =0 4,7 598 300 . '
Inorganically bound 0 1 nd nd nd 272
Inorganically bound 100 0.9 1.9 7.3 31.8 208
Inorganically bound 250 0.5 1.8 6.2 285 178
Inorganically bound 440 0.5 1.4 71 35.1 221 . ‘
Crganically bound o} L] nd nd nd 90
Organically bound 100 5.2 8.4 111 31.0 111 :
Organically bound 250 4.7 8.4 1.5 28.8 107
Organically bound 440 neg neg 8.7 8.2 R
Residual, K4P207 0 10 nd nd nd L]
Residual, K4P207 100 58.7 80.4 65.1 74.7 138
Resldual, K4P207 250 53, 54.2 58.8 84.8 134
Residual, K4P207 440 58.8 88.9 81.7 78.1 237
Residual, HAG 0 14 nd nd nd 74
Residual, HAc 100 80.7 87.0 72.7 83.8 139 ‘
Residual, HAc 250 nd nd nd nd nd
Residual, HAe 440 nd nd nd nd nd
® na2atodays; ns1 foral others. .
(®) nd: not determined. .
@ neg: negative result to the determination of this value by subtracting exchangeable plus inorganic
compartments from the pyrophosphate-exiractable compartment. '
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TABLE 3.26. SUMMARY COMPARISON OF SELECTIVE EXTRACTION TECHNIQUES FOR
| BRASS-AMENDED SOILS: Cu

Soll Concentration  Elapsed Exchangeable Inorganically Organically Residual Total
. [Target] Days Bound Bound pP207 Recoverable Zn
! cmsescmnenea(t Total Cu, @XIraction re00Very)-esessssecees Kg/g oven dry soil
Brass only(®) .8 99 ~0 nd
Burbank
25 100 1 as 54 10 15
250 8 28 48 26 17
440 ~0 23.4 52 28 19
100 100 K-} 83 27 19 83
250 4 83 22 25 8e
440 =0 49 24 27 65
800 100 8 70 9 21 348
250 5 78 =0 23 ase
440 4 73 =0 :7 358
2500 100 R 80 2 18 1683
250 R 81 =0 19 1718
440 =0 78 =0 23 1988
Cinebar
25 100 5 8 44 49 18
250 =0 L 55 40 14
440 ~0 8 87 a8 13
100 100 4 8 58 38 69
250 1 8 80 41 85
440 w0 7 B2 41 1]
800 100 | 18 82 29 328
250 1 19 48 34 302
440 8 18 47 38 307
2800 100 2 a8 a7z 23 1789
250 2 39 32 27 1691
440 2 34 38 27 1702
Palouse
25 100 <. 2 71 27 19
250 ul 24 82 a8 20
440 ~0 3.3 81 38 17
100 100 1 10 71 18 84
280 2 9 87 23 88
440 =0 ] 68 25 83
500 100 4 24 80 12 336
280 4 27 84 14 338
440 4 28 82 18 326
2500 100 3 48 az 12 1724
250 3 54 30 13 1838
440 3.1 58 27 18 1830




JABLE 3.26. (CONTD)

Soil Concentration  Elapsed Exchangable Inorganically Organically Residual Total
(Target) Days bound bound P207 Reooverable Cu
semeensers (% Total Cu, eXtraction recovery)e- ss.-s-. Hg/g oven dry soil
Palouse+OM
28 100 A 2 73 28 17
250 2 2 87 30 18
440 ~0 3.5 84 32 18
100 100 { 9 70 20 89
250 2 10 68 21 87
440 =0 10 87 23 e8
500 100 3 25 61 12 360
250 4 28 58 12 337
440 3.8 28 1] 18 33s
2800 100 2 47 39 12 1727
250 3 51 34 13 1871
440 3.1 52 31 14 1617
Overall Soil Averages:
25 100 4 =8 1 218 80 £ 14 28 =18 17 22
250 8 +.8 @ £12 87 £ 90 33 %8 18 £ 3
440 =0 0 P £10 89 8 33 6 17 23
100 100 8 t.4 20 £22 88 £ 20 23 %8 88 +3
250 11 +.6 20 +22 S2 & 21 27 29 86 1
440 =0 0 19 £20 52 + 20 29 =8 84 + 4
500 100 20 1.8 34+ 24 48+ 28 18 %9 348 1
250 25 1.9
440 21 1.8 38 £25 39+ 26 24 %10 332 22
2800 100 1.7 £141 83 +18 290 £ 18 18 £6 1733 x40
250 21 t1.4 58 £18 24 £ 168 17 =7 1679 132
440 2 £1.4 58 £18 24 + 18 20 %6 1734 £172

® Done as separate extractions only, not as saquential extractions.

() First value is at solution ratio squivalent to that used for extraction of the 2500 ug brasa/g soil amendment
level; ::acond vaiue ia for extraction solution: brass ratio 10x that of the first.
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The 0-time exiraction of control solls and 2500-ug/g-amended soils was done within
10 to 25 days of initial soil amendment (0 time). Prior to analysis, the aliquots were stored in
the dark at 4°C, in sealed poly bags. Following pyrophosphate or CaCly/acetic acid extrac-
tion, the extraction residues were digested in several steps in an effort to recover residual
metal components after pyrophosphate or acetic acid extractions; because of these steps,
digestion efficiency was probably diminished, as suggested by the ievel of unaccounted for
Cu. Current procedures depend on sealed-vessel (Parr) bomb acid digestion of all residual
fractions. The bulk of recovered Cu extracted as expacted in the inorganically bound frac-
tion, but mass balance was poor. Zinc also extracted in the inorganic fraction for Burbank
soil, but appeared to be more readily exchangeable in ~inebar and Palouse soils.

At the 100- to 440-day samplings (weathered); Cu Is assoclated primarlly with the
inorganically bound fraction in Burbank soll, as it is in the 0-time amended soil (Table 3.24).
in the three weathered and the 0-time soll treatments for Palouse and Cinebar, Cu is associ-
ated with the inorganic-bound and organic-bound fractions, indicating the Importance of soil
organic matter. Zinc is found mainly in the inorganically bound fraction for Burbank (Table
3.25), but appears more readily exchangeable at the higher amendmant levels in Cinebar
and Palouse. The fraction of Zn assoclated with the organic-bound compartment increases
with decreasing amendment level, similarly to the Cu response. This would suggest that
complexation sites for solubilized Zn and Cu are limited. Distribution patterns are generally
similar for the O-time and 100- to 440-day weathered soils.

In Tables 3.22 and 3.27, the data presented in Tables 3.24 and 3.25 are expressed as
a % of total Cu or Zn, based on Parr bomb digestion for total metal. Based on the fraction
percentages for the 2500-ug/g treatments, notable differences betwaen the 0-time and 100-
day weathered samples exist. For Burbank, on weathering there is a decrease In Cu
associated with the inorganically bound fraction and an increase in the fraction associated
with the organically bound and residual fractions. Similar trends are observed for the Palouse
and Cinebar soils, with the fraction of Cu associated with the organically bound increasing
dramatically on weathering. This would be expected for the higher organic-matter soils. The
behavior of Zn on weathering (Table 3.27) is similar to Cu, except that substantially less Zn s
found in the organically bound fraction. This would suggest that organic complexation may
not play a significant role in binding solubilized Zn.

The hot-water extraction procaedure Is dasigned to minimize the effects of microbial
interactions and varying rates in approaching equilibrium between aqueous and solid
phases that are common to long-term leaching studies. The 20:1 water {o solids ratio is
chosen to eliminate many of the mineral solubility controls without adversely sacrificing
detection; the extraction ime and tempearature were optimized In earlier in-housa work
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involving soil and ash samples. Solutions resulting from this method showed increased pH
at the higher amendment levels, though the difference was less marked, because of the
dilution effect.

Selected readily soluble components, as determined by the hot-water extraction
procedure, are listed in Table 3.28. The hot-water extraction tends to Increase solubilization
of organic-carbon components, often with corresponding impairment of the anion/cation
balance because organic anions are not analyzed. Several general observations can be
made from the resulting dissolved species. Copper and Zn show the expected increase in
solubility with Increased amendment level, but the increase |s much less pronunced for
Burbank than for the other soils. The ratio of Zn to Cu In the dissciution from Burbank soll is
significantly lower than that from the other solils, Burbank soll also shows decreased soluble
Al, Mn, and Fe with increased brass amendmaent level; In contrast, the other soils generally
show constant or increasing levels of these three elements. Total P declines with increasing
brass amendment for all solls except Clnabar. Phosphate would be important to the solution
chemistry of Zn and Fe, and to the major cations Ca and Mg (Lindsay 1879), but it also couid
be involved with precipitation of Al, depending on saturation level and availabllity of K (Van
Riemsdijk and Lyklema 1980). Although detailed soils discussion is outside the scope of this
project, these observations indicate that soil conditions strongly influence the weathering of
brass, which in turn alters distributions of other specles.

The amcunt of brass solubilized from the highest brass-amendimant level by the hot-
water extraction represents roughly 0.5% of that in Burbank soll, based on Cu analysis, and
only 0.1 t0 0.3% for Zn. Palouse soils show 1.8 to 2.1% brass dissolved, based on Cu, and
1.3 10 1.8% based on Zn. For Cinebar, solubllity appears to be affected by the pretraatment of
the soil: for time-0 dry soll, 3.5% was soluble, based on Cu, and 2.7%, based on Zn: for wet
soll, the level dropped to 1.5% based on Cu and 1.1% based on Zn. After 100 days of
weathering, the value was ~1.5%, basad on either metal.

Major cations such as Ca, Na, and K are not included in these tables because their
soluble components changed very little with changes in brass concentration and because the
high dilution factor resulting from the hot-water extract would tend to Increase dissolution,
thereby masking minor changes in true pore-water concentrations, Generally, from 1.2 10 3.5
times the pore-water Ca was solubllized by the hot-water extraction; similarly, the factors
were 7 to 13 times for Na and 3.6 to 5 times for K.

Major anionic componants, ammonia, and C distribution In the hot-water extraction are
listed In Table 3.28. DOC levels show no effect of brass amendment. The increase in
inorganic carbon can be attributed in part to the increase in pH with increasing brass
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amendmant. Ammonia levels increase with increasing brass amendment for alt soils; nitrite
l levels show slight peak with 25 and 100 ppm brass for Palouge+CM and Palouse,
respectively; nitrate peaks at 500 ppm brass for Burbank and Cinebar, but shows less
' prominent variation for Palouse+OM, and a general decrease wiii brass ariendment for
Palouse. The nitrogen species could be controiled by both ¢i:»ical and microbiological
l processes. The markedly lower ammonia levels in the displaced pore waturs, reiative to the
JABLE 327 SUMMARY COMPARISON OF SELECTIVE EXTRACTION TECHNIQUES FOR
l BRASS-AMENDED SOQILS: Zn
Soil Concentration Elapsed Exchangeable Inorganically Organicaly Residual Total,
' (Target] Days Bound Bound pP207 Recoverable Zn
(% Total Zn, extraction recovery)sssasec... Hg/g oven dry sall
Brass only® 1.2 96 <3 nd
I Burbank
28 100 g 48 bdi(®) 47 8
280  <bki® 71 bal 29 17
' 440 -0 W 0 1 4
100 100 3 80 bd a8 27
250 4 58 7 a 23
440 =0 4] =0 21 21
, l 800 100 11 58 2 20 138
250 11 58 4 30 128
440 9 81 =0 29 141
2800 100 2 84 14 20 es
250 3 68 11 22 CH
440 2 73 ~0 24 749
Cinebar
. 2 100 8 88 bl 4 13
250 8 28 21 43 ]
440 13 21 103 neg 1
100 100 20 83 A 17 27
' 250 10 17 12 81 41
440 15 23 40 23 a3
800 100 38 ] 2 22 124
I 260 as 28 5 28 118
440 30 32 ? 1 130
2500 100 a8 a8 s 22 713
250 38 24 10 27 eas
l 440 T} 3s -0 27 643
Palouse
25 100 <. 4 42 83 8
250 <1 7 24 69 13
440 ~0 22 =0 78 4
' 100 100 31 29 21 19 19
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JABLE 3.27. (CONTD)
Soll Concentration Elapsed Exchangeable [norgarically Organically Residual Total
(Target] Days Bound 8ound pao7 Recoverable Zn
scnsussaceans( %% OOl 2, SXITACHON 1OCOVErY)semrsveccnss ug/g oven dry soll
Palouse (cont.)
250 15 18 27 40 30
440 15 20 a7 29 28
500 100 50 21 17 12 138
250 46 18 21 18 145
440 42 29 10 20 134
2500 100 44 31 13 12 880
250 48 27 14 13 670
440 44 40 ~0 18 840
Palouse+OM
25 100 L] 12 38 44 8
250 18 24 ]} 21 4
440 =0 352 =0 neg 0.3
100 100 24 23 22 31 27
250 24 23 28 23 24
440 18 28 38 20 28
500 100 48 22 18 13 142
250 53 20 18 9 129
440 49 28 7 18 123
2800 100 42 30 18 12 678
250 45 27 16 12 831
440 49 as 0.6 18 814

Overall Soil Averages (sse Table V.10 of Brass Monthly Report):

28 100 84 38138 20123 ar+22 812
280 618 33120 21118 41121 714
440 317 123+187 26152 53x141 515
100 100 20£12 4421 11412 26210 25+4
250 1319 29119 19411 48118 2918
440 1218 37428 2819 2314 2715
500 100 37418 35£18 1049 1918 13448
280 37+18 3018 1219 21210 130%12
440 32117 37+16 84 2417 1328
2500 100 31120 40£16 1218 1618 888:17
250 33£20 36+19 1313 1947 858:26
440 332 146118 0.1+0.3 2118 172688

{® Done as separate extractions only, not as sequential extractions.
(®) gelow detection limit (bdl) designations for the organically baund compartment are controlled by the
difference batween the pyrophoaphate extraction and the sum of the exchangeable and inorganically
‘ bound fraction. Since the result is then corrected for the cuntrol-soil contribution, there are cases wherg the

resuiting value is negative. We presume the value in those cases to be minar, though it could amount to a
detection limit on the 25- and 100-ug/g amended soils of up to about 1.5 and 0.5 %, respectively.

(©) Value was less than the control soll, resulting in a negative value.
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JABLE 3.28. SOLUBILIZATION OF COMPONENTS OF BRASS-AMENDED SOILS BY HOT-
' WATER EXTRACTION AND COMPARISON TO DIRECT PORE-WATER
DISPLACEMENT: METAL ANALYSES
Metal Concentration (ug/g oven dry soil)
' Sil Amendment Cu Zn Al Fe Mg Mn P (total)
lovel
l Hot-Watar Extract
Time 0, at time of Soil Preparation:
' Burbank 0, dry 0.21 0.00 1.48 0.33 7.7% 0.17 12.8
Burbank 2500,dry 8.91 1.44 1.48 0.43 6.28 0.28 9.1
Burbank 2500, wet 8.88 0.62 0.80 0.47 10.68 0.12 79
Cinebar 0, drv 0.17 0.21 8.04 2.29 44,38 2817 12.1
Cineber 2500, dry 64,03 18.%2 8.35 3.92 4959 3787 1.7
Cinebar 2500, wet 27 .41 7.785 15,88 6.8 4849 3484 124
Palouse 0, dry 0.25 0.00 3.33 2.08 9.59 2.01 50.0
Palouse 2500, dry 33.43 9.1 2.30 1.63 . *6.11 3.79 26.8
Palouse 2800, wet 32,28 8.74 2.28 1.87 18,30 4,04 22.8
Palouse+OM 0 ,dry 0.22 0.00 3.15 1.98 10.30 2,49 51.2
Palouse+OM 2500, dry 38.24 9.87 6.09 418 18.48 4,53 29.7
Palouse+OM 2500, wet 37.38 8.82 3.49 2,43 17.07 4,24 25.0
' Waeathered, at 100 daya;
Burbank 0 0.14 0.00 1.83 1.83 7.81 0.268 12.8
Burbank 28 0.88 0.00 1.19 0.99 11,81 0.38 12.9
l Burbank 100 1.99 0.00 0.68 0.42 11.78 0.48 1.7
Burbank 500 8.37 0.42 0.00 0.18 12.88 0.44 10.8
Burbank 2500 8.59 0.84 0.00 0.28 11.44 0.186 0.9
Burbank 2800 9.47 0.98 0.80 0.34 12.00 0.20 9.2
Cinebar 0 0.18 0.00 12.38 8.27 74,66 6279 10.7
Cinebar .} 0.38 0.00 1232 4.77 8290 48.49 11.4
Cinebar 100 1.04 0.00 13.49 4.84 63.01 82,17 10.8
Cinebar 300 4.48 112 12,93 6.53 68.76 54.97 10.8
Cinebar 2500 27.01 9.12 12.83 9.22 58.59 58.99 1.5
Cinebar 2500 27.47 9.10 1400 13.81 88.85 5494 11.8
Palouse 0 0.18 0.00 2.31 1.29 16.07 4.62 59.7
Palouse 25 0.54 0.00 6.35 4.00 14.3% 3.32 53.9
Palouse 100 1.41 0.00 5.87 3.68 13.81 3.74 54.3
l Palouse 500 6.24 1.38 5.84 3.83 14.72 4.08 82.2
Palouse 2500 37.48 11.20 5.08 3.47 19.17 4.89 34,1
Palouse 2500 40.85 12,74 5.39 3.74 22.13 6.48 36.2
Palouse+OM 0 0.24 0.00 6.82 4.43 16.32 4,45 56.3
' Palouse+OM 25 0.68 0.00 6.66 4,38 14.79 4.68 54.2
Palouse+OM 100 1.51 0.00 6.13 .88 14.18 3.70 50.2
Palouse+OM 800 5.80 1.20 5.48 3.43 12.28 3.28 48.2
Palouse+OM 2500 29.28 8.50 §.43 an 16.16 3.78 28.3
' Palouse+OM 2500 34,94 9.82 5.44 3.689 18.33 2.81 321
Pors Waters:
Burbank 0 0.002 0.000 0.00 0.00 3.43 0.00 0.1
Burbank 2500 0.089 0.021 0.00 0.00 3.3 0.00 0.1
Cinebar 0 0.003 0.009 0.22 0.00 52.81 0.30 0.y
Cinebar 2500 0.248 2.600 0.06 0.01 17.91 7.91 0.1
Palousa+OM 0 0.001 0.000 0.03 0.00 10.67 0.02 0.2
' Palouse+OM 2500 0.271 3.652 0.02 0.00 10.74 0.00 0.1
i




JABLE 3.29 SOLUBILIZATION OF COMPONENTS OF BRASS-AMENDED SOILS BY HOT-
WATER EXTRACTION, AND COMPARISON TO DIRECT-PORE-WATER
DISPLACEMENT ANION AND ORGANIC ANALYSES

Concentration (ug/g oven dry soll)

Soll Amendment DOC C NOp NHy NO3 S04 c PO, Oxalats
lovel

Hot-Water Exiragt

Time 0, at time of Soll Preparation;
Burbank 0. dry nd nd 0.4 0.0 1.4 937 199 3450 7.98
Burbank 2800,dry nd nd 0.2 0.0 1.4 688 0.80 27.30 10.56
Burbank 2500, wet nd nd 0.8 0.0 28 1058 137 18.42 21.58
Cinebar 0, dry nd nd 0.0 0.0 3358 7541 23.00 19.00 33.80
Cinebar 2500, diy nd nd 0.0 00 260.1 9213 2142 16.16 87.88
Sinebar 2500, wet nd nd 0.0 0.0 2523 79568 2192 24,38 853.58
Palouse 0 ,dry nd nd 1.0 0.0 1788 2230 1.39 154.11 4,18
Palouse 2500, dry nd nd 0.4 0.0 1899 3728 198 7591 37.68
Palouse 2500, wet nd nd 0.4 0.0 1751 3878 1.77 82.18 36.00
Palouse+OM 0, dry nd nd 0.9 0.0 1482 2424 6.31 153,70 6.50
Palpuse+OM 2800, dry nd nd 0.6 0.0 147,3 36.03 6.77 80.32 58.94
Palouss+OM 2500, wet nd nd 0.4 0.0 143,0 3578 759 70.12 4535

Weathered, at 100 days:

Burbank 0 285 178 0.5 2.4 7468 1033 244 3081 8.00
Burbank 25 302 208 2.5 2.4 222 1568 421 29.51 10.03
Burbank 100 307 232 0.8 2.8 188 12.04 395 2794 10.89
Burbank 500 278 262 2.2 26 999 1454 368 20.12 168.1
Burbank 25800 308 469 0.5 48 50,7 1272 441 2208 22,69
Burbank 2500 283 8.2 08 48 51.4 1313 398 21.47 23.26
Cinebar 0 2759 822 0.9 359 8258 9525 34.08 10085 41.34
Cinsbar 28 2714 783 4.1 385 302.8 8687 29.83 1390 37.42
Cinsbar 100 2658 748 4.0 36.8 6143 9480 29.01 11.35 37.48
Cinsbar 500 2551 708 0.8 37.4 7487 9812 33.15 10.83 239.16
Cinabar 2500 2208 93.8 1.3 40.7 2005 9331 2538 9.831 83.41
Cinabar 2500 2860 852 1.0 459 2566 9147 30.13 1087 70.48
Palousa 0 1103 138 1.5 11,2 281.7 3820 8.97 14998 7.09
Palouse 25 834 149 1.7 9.5 2088 3198 551 138,04 5.86
Palouse 100 741 148 3.0 8. 186.8 26.64 533 141.08 8.41
Palouse 500 812 159 1.2 9.5 185.3 31.38 5.94 136.00 10.38
Palouse 2500 816 36.1 0.9 13.5 1537 39.25 Int(a) 91.97 52.09
Palouss 2500 863 41,2 0.9 151 1824 4723 Int(a) 05.20 58.74
Palouse+OM 0 889 13.8 1.9 10,4 2849 30.11 1180 149.02 7.54
Palcuse+sOM 25 851 157 3.1 101 228,86 28.26 10.03 141.10 7.48
Paiouse+sOM 100 794 185 1.4 103 312.8 30.19 12.68 126.72 6.81
Palouze+OM 500 773 177 1.0 1.1 1923 20.65 11.65 120.83 10.92
Palouse+sOM 2500 693 313 0.9 12,8 273.3 3314 1480 67.68 40.33
Palouse+OM 2500 802 305 0.8 147 2234 3251 15.00 67.84 42.78
Bora Watora
Burbank 0 4.2 0.4 0.0 0.02 77.0 578 1.24 017 0.00
Burbank 2500 7.5 65 0.0 0.09 58.5 549 139 0.04 0.00
Clnebar 0 9.5 0.1 0.0 0.05 931.0 2.28 1475 0.00 0.00
Clnebar 2500 1.7 0.1 0.0 0.08 348.1 373 827 0.00 0.00
Palouse+sOM 0 3.4 0.0 0.0 0.02 293.68 508 6.64 0.18 0.00
PalousesOM 2300 5.4 0.1 0.0 0.08 285.0 790 737 000 0.00

@ Int: interlerence with the analysis of Cl by ion chromatograph.
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hot-water exiiact, would suggest that chemical processes may be prominent, since the action
ot the hot water extraction should have effectively eliminated further microbial transformations.
In contrast, nitrate levels in the displaced pore waters correlate well with those from the hot
water extractions. Sulfate solubilization is increased roughly by a factor of 2, 25 to 40, ana 4 o
6 for Burbank, Cinebar, and Palouse+OM, respectively, as a result of the removal of most
solubility controls. Chloride levels for Cinebar hot-water extraction are about 2 to 8 times those
of the displaced pore waters. Phosphate solubility increased dramatically for all soils under
hot-water extraction, demonstrating a significant pool of readily available nutrient. At 100 days,
phosphate accounts for the bulk of total dissolved P (Table 3.28) for Burbank (75 o 92%),
Palouse (84 to 90%), and Palouse+OM (70 to 88%), but only 28 t0 41% for Cinebar. At initial
soil amendment, phosphate accounted for 44 to 86% of the total P for Cinebar, and over 90%
for the other soils. Oxalate solubility is greatly increased by hot-water extraction, as is DOC in
general. Oxalate increases with increasing brass amendment for all soils; oxalate and other
organic acids would tend to aid In metal solubilization through complexation.

Summary of Extraction Results. Because the initiai selective extractions were
calculated from comparisons to Parr bomb digestions of soils, which differed from the total

recovery by the extraction serigs, we recalculated the Cu and Zn distribution based on intal
metal via extraction recovery for the axchangeable, inorganically and organically bound, and
residual compartments, so that these values could be more easily compared and averaged
over the exposed soils. As before, the compartments resulting from the selective axiraction
techniques are referred 1o by their nominal extraction categories, without further aciual proot
that the categories are mutually exclusive or unaffected by readsorption reactions.

Generally, the amount of both Cu and Zn in the residual compartment increased
between the t = 0 and the t = 100 days extractions and changed little to 440 days, but much of
this increase likely was due to the Improved analysis of the residual at tha latter sampling
time. At the highest amendment level, inorganically bound Cu decreased and organically
bound increased with time; for Zn, the varlation in results overshadowed any trends.

All soils showed similarly low exchangeable Cu, while exchangeable Zn was
depressed in Burbark and incruased dramatically in the other soils. The inorganicaily bound
Cu is predominant for Burbank, but less important for the other soil, particularly at lower
amendment levels; inorganically bound Zn Is predominant for Burbank and a major
compartment for Cinebar, but s of less importance for Palouse. Copper in the organically
bound compartment is increasingly important with decreasing brass concentration,
particularly for Palouse; Zn shows a slight similar trend. This may reflect limited organic
ligands in the soils. Residual Cu is greatest for Cinebar, while residual Zn is greatast for
Burbank and the lower amendments of Palouse.
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EIGURE 3.7. FLOW CHART FOR THE PROCESSING OF SAMPLES FROM THE BRASS
FLAKE DIRECT SOIL AMENDMENT/WEATHERING EXPERIMENT.
VEGETATION DATA TC BE RECOVERED AND REPORTED BELOW ARE
GIVEN IN BOLD PRINT. SAMPLING DATES INCLUDE APPROXIMATELY 0,
100, 300, AND 450 DAYS POST-AMENDMENT.
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in general, these data show that exchangeable Cu and Zn increase with increasing
brass amendment, though the Cu component remains minor. The inorganically bound
compartment shows Increasing Cu but steady Zn with increasing brass. Organically bound
and residual compartments show decreasing Cu and Zn with increasing brass amendment.

3.5.2 Joxicity and Availability of Brass Components io Plants

Potential effects of soil-deposited brass flake on vagetation were assessed using soll-
amended brass. Soils were then allowed to weather over an gxtended time with samples
periodically taken and tested for relative phytotoxicity to different plant species. Soii freat-
ments included Burbank, Cinebar, Palouse, and Palouse + OM (0.22% w/w dried and ground
alfalfa). Each soll type was amended with four concentrations of the brass flake (25, 100,
500, and 2500 ppm), placed into 400-g pots, and maintained in the greenhouse. Eight pots
of each soil type and concentration were salected for testing at approximately 0, 100, 300,
and 450 days post-amendment. The procedure for each sample period is given in a flow
chart in Figure 3.7. One of the eight pots was used for both soil microbiological activity and
soil chemistry, while another was divided into six soil coupons and used for germination
studies, with two coupons each for the three plant species. Bush bean, alfalfa, and tall
fescue werse seeded with aither 15 (bush bean) or 20 (alfalfa and tall fescue) seeds.
Germination percentage was determined 2 weeks after seeding.

The remaining six pots were planted with either bush bean or tall fescue and main-
tained In the growth chamber (27/20°C day/night temperatures for the bean and 25/18 for the
grass at 400 uE/m?/s PAR) for 60 days for the bean and 120 days for the grass (two harvests
at 60 and 120 days). At these times the plants were rated for phytotoxic symptomatology,
using the Modifled Daubenmire Rating system described earlier, and harvested. The beans
were separated into various aboveground piant components such as leaves, stems, pods,
and seed (when present), dried at 60°C for 7 days, and weighed. The grass was similarly
sampled at each harvest. Aliquots from all tissues were subsequently taken, wet digested,
and processed for ICAP analysis.

Effacts on Seed Germination. Tables 3.30 and 3.31 give the average percent
germination, at 0 time and 450 days, respactively, for bush bean, alfaifa, and tall fescue seads
planted in soil coupons of the four soll types amended to the various brass concentrations.
Results for intermediate times are not provided. Two observations may be made from these
data. First, germination apparent by was not inhibited by increasing concentrations of brass
in any solil type. This was irue for soils at sach of the four aging intervals including the last, at
450 days post-amandment (Table 3.31). This may indicate either that the brass had not




sufficiently weathered to promote a high enough soil concentration of Zn or Cu to be toxic to
germinating seeds or that the seeds themselves are not affected by external Cu and Zn
levels.

JABLE 3.30. AVERAGE PERCENT GERMINATION FOR BUSH BEANS, ALFALFA, AND TALL
FESCUE SEEDED IN SOIL COUPONS AMENDED WITH BRASS FLAKE AT
DIFFERENT CONCENTRATIONS (PLANTING 0 TIME). SEEDING RATE PER
COUPON: BUSH BEAN, 15; ALFALFA AND TALL. FESCUE, 20. PERCENTAGES
WERE RECORDED AT 14 DAYS AFTER SEEDING AND AT15 DAYS

POST-AMENDMENT.
Soll Brass-Flake
Concentration (ug/g) Bush Bean Alfalta Tali Fescue
Burbank
0 100.0£0.0 77.5£10.0 87.5:2.5
28 100.0£0.0 92.5+7.8 98,0428
100 100.0£0.0 80.0+15.0 75.0£0.0
500 100.0£0.0 92.5£7.5 80.0+5.0
2500 100.0£0.0 80.0+7.8 88.0+10.0
Cinebar
0 100.0£0.0 90.0+0.0 85,0+0.0
28 100.0£0.0 72,5¢£7.5 87.512.5
100 100.040.0 98.0+8.0 80.015.0
500 100,00.0 85.0:7.8 70.0£0.0
2500 100.0+0.0 80.0£7.5 77.512.5
Palouse
0 80.0£1.3 556.0£0.0 82.5+7.5
28 40.020.0 50.0+7.5 70.0+8.0
100 46.710.0 72.8+7.5 80.0+5.0
500 70.01£20.0 78.0£0.0 680.0+0.0
2500 93.310.0 80.0+10.0 80.0+2.8
Palouse+OM(®
0 43,313 55,510.0 85.0+15.0
25 63.3+36.0 62.5+£10.0 82.5+7.5
100 70.018.7 88.018.0 82.5+2.5
500 56.74£33.3 52.5+7.8 87.5£7.5
2500 86.718.7 85.0+0.0 77.5£2.5

%) Soil with 0.22% wiw dried ground aifaifa.
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JABLE 3.31. AVERAGE PERCENT GERMINATION FOR BUSH BEANS, ALFALFA, AND TALL
FESCUE SEEDED IN SOIL COUPONS AMENDED WITH BRASS FLAKE AT
DIFFERENT CONCENTRATIONS (PLANTING C). SEEDING RATE PER
COUPON: BUSH BEAN, 15; ALFALFA AND TALL FESCUE, 20.
PERCENTAGES WERE RECORDED AT 14 DAYS AFTER SEEDING AND AT

15 DAYS POST-AMENDMENT.
Concentration (ug/c) Buch Bean Alfalfa Tall Fescue
Burbank
0 100.040.0 90.0+5.0 80.0+5.0
25 100.0£0.0 80.0z5.C 67.5+7.8
100 100.0+£0.0 82.5+2.5 88.0£0.0
500 100.0+0.0 92.5:2.8 72.5£7.8
2500 100.04£0.0 90,04£0.0 68.0£10.0
Cinebar
0 100.0+0.0 $0.0+6.0 72.542.8
28 100.0£0.0 92,542.5 92.5+2.5
100 100.0+0.0 90.015.0 87.85+2.5
500 100.0%0.0 77.527.% 77.81+7.8
2500 100.01£0.0 87.8+7.5 07.5+7.8
Palouse
0 83.3£28.7 28.0+0.0 85.54+2.8
25 60.0£13.3 40.015.0 67.512.8
100 70.0+£28.7 87.5+85.0 87.547.8
500 100.0£0.0 85.0+10.0 72.5+2.8
2800 86.7+13.3 77.8:7.8 57.8£2.8
Palouse+OM®
0 80.0£0.0 30.017.8 40.048.0
25 83.3+20.0 52.5+10.0 70.0+5.0
100 80.0£13.3 35.018.0 47.58.0
500 90.04£13.3 80.0+5.0 67.8+2.5
2500 83.3£0.0 82.5+2.5 82.5+8.0

®) Soil with 0.22% w/w drled ground alfalfa.

Howevar, the latter possibility is not completely accurate, because there was a
stimulation in the germination percentage, particularly in the palouse bush beans and tall
fescue, at all dates in the intermediate concentrations (25 to 500 ppm). One of the two
principal ions associated with brass, most likely Zn, because of its role as a cofactor in many
respiratory enzymes, may be promoting a faster ru.3 of growth. Alternatively, the Cu and Zn,
particularly for the Palouse soils, may be Inhibiting soll fungi, which otherwise appeared to
damage the imbibed seeds in these solls, thus lowering their overall germination percentage.
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Long-Term Effects of Brass Flake Soll Amendment on Piant Phyiotoxicity. The visual

damage ratings and symptomatologles for bush bean and tall fescue plants grown for 60 days
in brass-flake-amended pots following different incubation (weathering) periods are given in
Tables 3.32 (100 days) and 3.33 (410 days). The data Indicate that up to soil concentrations of
500 ppm the bush bean was the most rasistant to any influences from the brase flake. This
observation was consistent over the entire 450-day weathering, although visibie phyotoxicity
may have increased slightly at the lower concentrations in the Burbank soil during the latter
planting perlods, as shown by comparing Table 3.32 resuits with those in Table 3.33.

In all cases and in all soil types, significant effects were evident In the plants grown in
2500-ppm pots at all times. The degree of phytotoxicity was somewhat higher at the longer
incubations, with increasing evidence of stunting and growth deficiencies along with general
chlorosis and necrotic spotting. These are general characteristics of both Cu and Zn toxicities
within the foliage. It was also evident that the soll type was instrumental in the onset and
degree of Cu and Zn phytotoxicity. In all cases, the bush beans grown in the Bumbank soil,
which has the lowest CEC and therefore the greatest potential for free Cu and Zn ions to be
present In the soll solution, exhibited the most severe symptoms.

The tall fescue appeared to be slightly more sensitive to the brass over time, at lower
concentrations (2500 ppm) having greater damage (Tables 3.32 and 3.33). Agalin, this was
particularly true for the Burbank-soll plants at 500 ppm, and again may be attributed o the soll
characteristic. At the higher brass concantrations in all soll types there appeared to be a
reduction in the degree of tip burn, the cause of which may have been relieved by the
additional Cu or Zn, although this symptom may have been masked by the increasing
chlorosis of the tissue and accompanying reduction in rate of growth. Phytotoxicity at the
varlous concentrations did not appear to increase significantly with weathering time in any of

the soll types, although a slight increase for the tall fescue may have been evident for the final
470-day harvest.
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JABLE 3.32. PLANT SYMPTOMATOLOGY TO BRASS SOIL AMENDMENT. SYMPTO-

MATOLOGY DETERMINATIONS MADE 60 DAYS AFTER PLANTING(® AND
160 DAYS AFTER AMENDMENT OF BRASS FLAKE TO THE VARIOUS SOQILS
AT 0, 25, 100, 500, AND 2500 ppm

3.57

' Species/ Tnxlclfvm(.)
Sail Soil Concentration, Damage Index Symptomatology
' (Ho/) (DR Soale)
' Bush Bean
Burbank 0 1.0 O&NGDH(®)
28 1.0 O&NGDH
100 2.0 OSNGDH
l 800 2.0 NS, Chi
2500 8.0 NS, Chl, TB
' Cinebar 0 1.0 OANGDH
28 1.0 NS, Chi
100 1.3 NS, Chi
' 500 1.0 NS, Chi
2800 8.0 NS, Chl, Dwarfed Leaves
Palouse 0 1.0 O&NGDH
l 28 1.3 NS, Chi
100 1.0 NS, Chi
800 1.3 NS, Chi
l 2800 5.7 NS, Chi
Palouse + OMP) ¢ 1.0 OANGDH
l 25 1.0 NS, Ch
100 1.3 NS, Chi
500 1.0 NS, Chi
2500 8.0 NS. Chi
l Tall Fescue
Burbank 0 3.0 NS, Chi, T8 (7.0){@
25 3.0 NS, Chi, TB (8.0)
I 100 2.0 NS, Chl, TB (4.5)
500 6.0 Chl, TB (3.0), Stunted
2500 8.0 CHi, T8 (slight), Stunted
l Cinebar 0 2.0 NS, Chi, TB (8.0)
26 2.0 NS, Chl, TB (6.0)
100 2.3 NS, Chi, TB (8.0)
l 500 2.7 NS, Chl, TB (8.0)
2500 8.0 Chi. TB (4.0), Stuntad




JABLE 3.32. (CONTD)

Species/ . Toxiclty Resgonse(®
Soil Soil Concentration, Damage Index Symptomology
(ng/g) (DR Scale)
Palouss 0 2.3 NS, Chl, TB (8.0)
a8 2.0 NS, Chi, TB (7.0)
100 2.7 NS, Chl, TB (7.0)
800 2.0 NS, Chi, TB (slight)
2500 8.0 Chl, Stunted
Palouse+OM 0 2.7 NS, Chl, TB (10.0)
28 1.3 NS, Chi, TB (9.0)
100 2.0 NS, Chi, TB (7.0)
800 4.0 NS, Chi, TB (slight)
2500 6.0 NS, Chl, Stunted

®) Daubenmire scale and symptomataology definitions.
(®) New growth developing heaithy,
(©) 8oil with 0.22% wiw drisd ground aifatfa.

(d) Average length, in om, of tip burn.




JTABLE3.33. PLANT SYMPTOMATOLOGY TO BRASS SOIL AMENDMENT. SYMPTO-
MATOLOGY DETERMINATIONS MADE 60 DAYS AFTER PLANTING ©
AND 470 DAYS AFTER AMENDMENT OF BRASS FLAKE TO THE
VARIOUS SOILS AT 0, 25, 100, 500, AND 2500 ppm.
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' Species/ —Toxigity Besporae®_
Soill Soll Concentration Damage Index Symptomology
. (/) (OR Scale)
Bush Bean
Burbank 0 2.0 Chi, N8
l 28 2.0 Chi,N8
100 2.0 Chi,N8S
500 8.0 Chl, NS, Dwarfed
. 2500 8.0 Chi, NS, W, Dwarfed
Cinebar 0 1.0 Chl, NS
l 28 1.0 Chi, N8
100 1.0 Chi, NS
500 2.7 Chi, NS
l 2500 8.0 NS, Chi, LC, Dwarfed
Palouse 0 1.0 Chl
28 1.3 Chi
' 100 1.0 Chi
500 1.3 NS, Chi
2800 6.0 NS, Chi, Dwarfed
l Paiouse + OM(b) 0 2.0 Chi, N8
25 2.0 Chi, NS
100 2.0 Chi, N8
l 500 1.3 LC, Chl
2500 8.0 NS. Chi, Dwaried
' Tall Fescue
Burbank 0 1.0 N8, Chi
25 2.0 NS,Chi
. 100 2.0 NS, Chi
500 8.0 NS, Chl, Stunted(c)
2500 8.0 NS, Chi, Stunted
l Cinebar 0 2.3 NS, Chi, TB (11.0)(d)
28 1.7 N8, Chi, T8 (11.0)
100 2.3 NS, Chi, TB (18.0)
' 500 3.7 NS, Chl, T8 (19.0)
2500 6.0 Chl, Stunted




JABLE 3.33 (CONTD)
Spaciew ——— Toxicity Rasgonea®
Sl Soll Concentration Damage Index Symptomatology
(ko/Q) (DR Scale)
Palouss ] 2.3 NS, Chl, TB (6.0)
25 23 NS, Chi, TB (10.5)
100 27 NS, Chi, T8 (8.0)
500 3.7 NS, Chi, TB (4.0)
2500 8.0 Chl, Stunted
Palouse+OM 0 2,0 NS, Chl, TB (4.0)
28 2.3 NS, Chl, TB (8.0)
100 2.7 NS, Chl, T8 (7.0)
300 33 NS, Chl, TB (5.0)
2500 6.0 NS, Chi, Stunted

(8) Daubsnmire scale and symptomatology definitions,
(6) S0l with 0.22% wiw dried ground aifalfa.

(©) gtunted growth for both shoot and roots.

d) Average length, In cm, of tip burn,

Eamug_md_aum_aem An Imeraotlon of brass wlth lhe differant soll types. evldent in the
analysis of plant dry-weight data after 80 days of growth (first harvest), was observed over the
entire weathering in both the bush bean (Table 3.34) and the tall fescue (Table 3.35). Since
no ragrowth effect was noted, data for the second harvests are not shown. All plants showed
significant (P<0.01) reduction in growth at the highest concantrations (2600 ppm), and plants
did not exhibit any reproductive growth over the growing period. In the bush beans the
largest reduction in growth (dry-matter accumulation) at higher brass concentrations was
evident in those plants grown in the Burbank soll, while the least was seen in the plants
grown in Cinebar (Table 3.35). No change in dry-matter production, as an indication of plant
stress, Is apparent when the 100-day pots are compared with the 450-day pots.

3.60

l |
|
i
l |
h




JABLE 3.34 AVERAGE FINAL DRY WEIGHT (g) OF BUSH BEANS AND SEGMENTS
GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT
CONCENTRATIONS. PLANTS WERE HARVESTED AT 470 DAYS AFTER
SEEDING AND 160 DAYS POST-AMENDMENT.

Brass Flake
Concentration rr——AYAIRGR Plant Segment Dy WA () ASD (N d)
Sail (Hg/'9) Leaves Stem Pode Sesds Total

Burbank 0 1,7820.19  1.40£0.20 1.42+0.38  0.17:0.10  4.770.57
28 1.96£0,08  1.84:0.17 1.38+0.10  0.07£0.02  5.0410,12(8
100 1.92+0,13  1.88£0.31 1.88+0.09  0.11£0.62  5.16:0.45(®
500 0.43£0.08  0.80£0.04 0,02:0.02 0.00£0.00  0.95+0.09(Y
2500 0.80£0.13  0,38£0.08 0,00£0.00  0,00£0.00  0.88:0.19(b)

Cinebar 0 1.78£0.89  1.1420,60 1.8620.31  0.3620.13  5.1441.73
25 1.77:0.88  1,97£0.28 2.4110.22 0.86:0.08  6.010.68(®
100 1,37£0,32  1.18£0.21 2.26£0.17  0.82:0.29  5.40%0.95(%
500 1.37£0.04  1,04:0,08 1.75:0.34  0.8320.14  4.79+0.20(8
2500 0.47£0.08  0.27£0,01 0.00£0.00  0.00£0.00  0.74+0,07(c)

Palouss 0 2.08+0.46  1.49:0.25 1.93:0.50  0,3240.12  5.82+0.57

25 1.52£0.13  1.50£0,00 2.3620.50 0,48:0.15  8,1420,15(0d)

100 1.72£0.21  1.40:0.22 1.90£0.31  0,48£0.13  5.8420,72(®
500 0.91£0.28  0.81£0.19 1.11:0.40 0,480,290  3.28x1.11()
2500 0.2320,14  0.14£0.08 0.00+0.00  0.00:0.00  0.38:0.22(¢)

Palouse+OM(® ¢ 1.58£0.85  1,1720.81 1,7410.42  0.20+0.12  4.75:1.21
28 0.74£0.16  0.85£0.09 1.12£0.01  0.17£0.03  2.88:0.24(%
100 1.19£0.09  0.86£0.04 1.51£0.11  0.34:0.04  3.89:0.02(®
500 1.08£0.38  0.90:0.37 1.48+0.87  0.30£0,18  3.75:1.48(®
2500 0.20£0.08  0.14£0.02 0.00£0.00  0.00£0.00  0.38+0.10(®

@) Not Significant.

b) Significant at 0.01 confidence level using a ona-tailed t-test,
© Significant at 0.08 contidence level using a one-tailed t-test,
(a) Average of two pots; third plant died.

() Soil with 0.22% w/w dried ground aifaifa,
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JABLE 3,35 AVERAGE FINAL DRY WEIGHT (g) OF TALL FESCUE GROWN IN SOILS
AMENDED WITH BRASS FLAKE AT DIFFERENT CONCENTRATIONS.
PLANTS WERE HARVESTED AT 60 DAYS AFTER SEEDING AND 470
DAYS POST-AMENDMENT.

Brass Flake Average Dry-Matter Production
Concantration {dry weight, g) £SD(n=3)
Soll (nevg) First Harvest
Burbank 0 3.300.61
25 3.29:0.08©
100 ' 3.30:1.10()
500 0.110.02(®)
2500 0.05:0.01(¢)
Cinebar N 3.07+0.38
25 3,861,350
100 3.23:0.2900)
500 2.5811.230
2500 0.05:0.02(¢)
Palouse 0 2.01:0.30
25 2.27:0.080)
100 1.2910.38()
500 0.42:0.29(0)
2500 0.02:0.00(®)
Palouse+OM() 0 2.65+0.37
25 1.6111.030)
100 1.5010.35(9)
500 0.73:0.32(d)
2500 0.02£0.01(®

® No growth,

(5) Soll with 0.22% w/w drled ground atfalfa.

(©) Not significant.

(9 signifiuant at 0.08 confidence level using & one-tailed t-test,
) significant at 0.01 confidence iavel using a one-talled t-tent,
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The relationship between the CEC for the two soils, Burbank having the lowest
(6.0 meqy100 @) and Cinebar the highest (38.2 meq/100 g), may again be an important
factors in the results. The lower fertility of the Burbank may have contributed to the apparent
toxicity by permitting a higher concentration of the Cu and Zn in the root zone. The overall
dry-matter accumulation by the plants also corresponds to the soll CEC, with Cinebar >
Palouse+OM 2 Palouse > Burbank.

Similar soil-type-related effects were observed for dry-matter production in the tall
fescue (Table 3.35), with Cinebar > Palouse+OM 2 Palouse > Burbank, particularly in the first
harvest, at 60 days after seeding. Severe growth reductions were seen at soll brass
concentrations of 500 ug/g and greater. By the second harvest (120 days, data not shown),
the differences were not as avident at the lower concentration but apparently were greater at
the higher concentration (2500 ppm). The plants grown in the other soiis at the time of the
second harvest were better established and more mature, and may therefore have been
e'ther slightly less sensitive to the Zn and Cu in the soil, or may have already reduced the
previously available free amounts of the lons In the pots to more acceptable levels.

and_ﬁum_aaan After 440 days ot eoll waatherlnq. the lonic c.ompoeltlon of tall fescue
planted in brass-amended soil (Table 3.36) varied only slightly from that of the first planting at
150 days (data not shown). In the third pianting the order of highest tissue accumulation for
both Cu and Zn was Cinebar < Burbank < Palouse = Palousa+OM)., Concantrations of Cu
and Zn in individual plant tissues increased with increasing soil brags concentration. Tissue
concentrations of Cu increased from 10 ug/g in the controls to as much as 500 ug/g In
Palouse-amanded soll. Levels of tissue Zn increased from 50 ug/g in control solls to a high of
6000 ug/g in Palouse-amended soil. It Is clear from the duta that the brass flake Is
weathering and providing incraased lavels of plant-avallable Cu and Zn; howaver, it is also
clear that soil-sorption processes are mediating the available ions.

Significant varlations In the tissue concentration of other nutrient lons were observed
when plants were grown in the presence of brass (Table 3.37). Analysis of tissues by ICAP
claarly showed that tissue levels of Mg, Mn, P, and Fe are altered by the presence of brass.
Tissue concentrations of Mg and Mn increase by a factor of 2 to 3 and levels of Fe by a factor
of 7 1o 100, while total P levels decrease 2 to 3. This disruption In ion homeostasis could
account for the observed phytotoxicity. The disruption likely results from the imbalance of Cu
and/or Zn caused by brass weathering.
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No significant differences In specific-tissue concentrations of Cu and Zn between bush
beans grown in soil weathered 100 days (data not shown) or 400 days were apparent (Table
3.38). Total plant-uptake patterns for Zn were Burbenk < Cinebar < Palouse = Palouse+OM at
the highest concentrations (2500 ppm), while for Cu, tissue accumulation patterns were
Cinebar < Palouse = Palouse+OM < Burbank, which was ditferent from that seen in the tall
fescue (e.g., Table 3.36). Concentration of Zn and Cu in individual plant tissues increased
with increasing soil brass concentration. These increases were more pronounced for Zn than
for Cu. The highest tissue leveis were seen in stem tissue, followed by leaves. Pod and seed
concentrations of Zn and Cu were relatively constant at soil brass concentrations of 100 no/Q:
however, littie reproductive growth was saen in the 500 1o 2500 ug/g treatments. In bush
bean, there did not seem 1o be the significant interaction of Zn and/or Cu with other nutrient
lons, as was observed with the grass (Table 3.37). The levels of Fe, Mg, Mn; and P in the
leaves and stems of the beans did not vary significantly over the exposure concentrations,

perhaps reflacting diffarances in monocot (grass) and dicot (bean) growth patterns or nutrient
harvesting.
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TABLE 3.36. AVERAGE TISSUE CONCENTRATIONS OF Cu AND Zn IN TALL FESCUE
GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT
CONCENTRATIONS. PLANTS WERE HARVESTED AT 60 DAYS AFTER
SEEDING AND 470 DAYS POST-AMENDMENT.

Brass Flake
Concentration Avarage Tisaus Conganiration (ug/g cry wi) 25D (1w 3)
Sl (-1%)) Cu 2n
Burbank 0 11.760.72 59.93:1.84
28 14,08:+4,31 77.72+15.41
100 29.2013.43 153.92:+22.59
500 266.6618.39 1212.40£102,91
250 261.36:82.37 1864.132211.14
Cinebar 0 6.78+1,81 58.84+14.91
26 8.3512.49 58.77£17.71
100 12.0821.07 75.91£4.67
800 26,48+4.53 257.13£26.72
2500 34,142,588 886.46+180.90
R Palouse 0 9.26+0.58 47.81+£8.39
28 10.810.88 49.5218.43
100 16.0413.94 81.75£20.81
500 38.5448.80 831.66£122.33
2500 837.041209.19 $828.45+1123,82
Palouse+OM® 0 7.86£0.16 36.62+0.68
28 11,36£3.16 83.18+14.44
100 19.5121.39 92.08:11.80
5§00 48.51+18.30 851,12+80.12
2800 337.13+288.77 5974.97+4894.80

() Soil with 0.22% w/w dried ground alfsits.
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TABLE 3.37. AVERAGE TISSUE CONCENTRATION OF Mg, Mn, P, AND Fe IN TALL FESCUE
- GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT
CONCENTRATIONS AS DETERMINED THROUGH ICAP ANALYSIS. PLANTS
WERE HARVESTED AT 60 DAYS AFTER SEEDING AND 470 DAYS POST-

AMENDMENT.
. Brass Flake
Concentration —Elsmant Concantration (ugiq dry wi)
Soll (1e/g) Mg Mn P Fe
Burbank 0 2323.93+268,08 93.00+24.84 4739.41+1€6.68 6.31£1.11
2500(.) 7002.08+108.81 138.84+14.80 1380.82+£778.71 05.12+19.52
Cinebar 0 2310.95+455.64 168.04+18.77 2130.58+234.84 1.48+0,36
2800 8447.14:830,70 536,04+148.88 1543.561394.39 138.96+97.31
Palouse V] 2360.73+360.28 106.068+3.78 4141.50+683.11 8.78+3,28
2800 9032.77+820.24 183.98+50.41 2626.86+5800.82 £8.38+35.49
PQIOUIMOM(b) 0 2307.96£367.60 137.83%18.88 3031.73x172.87 7.30£1.84
2500 10861.48+£15808.07 234.67+60.54 1838.868+797.10 40.858+22.28

(®) Average of two pots, third plant died.
(b} Soil with 0.22% wiw dried ground atfaifa.
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JABLE 3.38. AVERAGE TISSUE CONCENTRATIONS OF Cu AND Zn IN BUSH BEANS
GROWN IN SOILS AMENDED WITH BRASS FLAKE AT DIFFERENT
CONGENTRATIONS AS DETERMINED THROUGH ICAP ANALYSIS.
PLANTS WERE HARVESTED AT 80 DAYS AFTER SEEDING AND 470

DAYS POST-AMENDMENT.,
Brass Flake
Concentration .._Amm.mm.cmmm.mwmmnm.m_
Soll (He/Q) Leaves Stem
Burbank 0 4.1120.30 4.0220.24 B.97:2.11 7.0124,98
100 10.99£3.17 12.80£0.77 9.07x1.78 14.60£2.18
500 19.19£2.89 19.3513.73 20.5219.63 .
2800 47.32£20.84 42.84428.854 . .
Clnebar ] 4.6412,04 8.51£6.10 3.8740,41 8.97+1,09
100 4.44%1,03 6.20£2.03 4.0120.08 8.2220,12
500 7.58£0.43 8.88+2.00 5.3610.26 8.10£0.53
2500 12.0411.74 33.8446.40 . .
Palouse ) 2.21:0.83 4.1840.23 4.5120.77 8.568+4.03
100 3.86£0.87 8.42+0.56 4.89£0.59 8.75%1.92
500 15.95+1.59 17.3014.88 8.89:1.79 11,13£3,24
2500 23.91+9.58 102.26+40.35 . .
Pnlow 0 3.21:0.88 4.07£0.38 8.10£1.13 8.04+1,80
100 4.38:0,78 6.05+0.88 4.49£0.33 8.87£3.78
800 11.7421.74 15.79+8.28 8.03+2.18 12.54:5.43
2500 18,808,058 31.70x11.51 . .
Burbank ] 54,10:2.82 25.72:1.42 28.46110.38 57.27+40.14
100 58.42:14.52 §2.80+2.19 31,08£0.27 104.38+9.75
500 176.5414.87 198.89+38.04 118.36+22.85 .
2500 200.34241.05 231,20149.35 .
Clnebar 0 38.8418.20 37.17:0.98 20.58+1.24 50.08+£7.28
100 48.33+11.28 45.20:3.27 20,37£2.08 52,49+5.93
500 180.28+8.58 © 33229.81 27.831.80 81.84£3.14
2500 301.45186.47 uz 24£129.36 . .
Palouss n 31.42£10.14 37.19+8.91 20.32£3.36 84.30+26.84
100 43.6812.44 85.15+7.28 20.35:1.89 77.80£16.45
500 232.00£38.63 254.18+34.19 37.1244.98 87.46+0.55
2300 861.42:260.56 4130.50+10900.50 . .
Pdous, 0 41.915,18 34.01£8.71 22.8410.88 71.87£17.20
100 49.0813.76 61.2047.78 21.2041.08 49.64+20.88
500 239.46158.25 261,79£108.8 38.464168.47 77.43:12.28
2500 878.712404.98 2429.08+1115,33 . .

(a) Average of two pots; third plant died.
(0) Soil with 0.22% wiw dried ground alfalfa.
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3.6 SOILMICROBIAL EFFECTS OF BRASS FLAKE
3.6.1 Sall Dehydrogenase Activity

Soil dehydrogenase activity, a measure of the general activity of the soil microbial
population, is an index of endoganous $oil microbial activity (Moore and Russell, 1972).
Dehydrogenase enzymes are intracellular and ara involved in microbial respiratory processes
necessary for the braakdown of organic compounds in soil. Soll microbial activity can alter
nutrient cycling, influance plant growth, and affect the abillity of a soil to decompose organic
matter and detoxify xenobiotics.

Pot Amendments. Soil dehydrogenase activities were severely impacted by brass flake
(Figure 3.8). Five days after brass flake had bean amendad at 25 ug/g, the lowest amendment
level, soil dehydrogenase activity declined to 35 to 75% of the control in the four soils.
Inhibition of soll dehydrogenase activity increased with incraasing brass-flake concentrations.
At 2,500 pg/g, the highest amendmaent level, soll dehydrogenase activity was extromely low, 1
to 4% of the control for all soils, Burbank soil amended with brass at 100 to 2500 ug/g
remained Inhibited (19 to 25%) 420 days later, while this soil amended with 25 nug/g was able
to recover to 70% of control level. In Palouse soil, with or without the organic matter addition,
500 and 2500 ug/g brass amendment reduced dehydrogenase activity to 0 to 4%, while the
other two lower concantrations (25 and 100 ug/g) exerted lass Inhibition, 58 to 87%. Soll
dehydrogenase activity in Cinebar soll with 25,100, or 500 ug/g brass amendment was able to
racover to 85 to 71% of the control after 420 days, but soll dehydrogenase activity remained
saverely depressed at 2500 ug/g. All values notod for dehydrogenase activity were

significantly ditferent from controls based on t-test ( p s 0.05).

We calculated the ecological dose (Babich et al. 1983) of brass flake causing 50%
inhibition (EcDgg) of soli dehydrogenase activity at the various days of incubation. This
calculation was based on the equations of best fit obtained from the dose-response curve, as
ilustrated In Figure 3.9. The EcDg for soil dehydrogenase activity at all assay times are
presented in Figure 3.10 and Table 3.39. The low EcDg, value for dehydrogenase activity in
Burbank soll indicates that this soil is very susceptible to brass flake exposure and has limited
recovery. In contrast, Cinebar soil, although it was Initially impacted, was capable of
recovering with a much higher EcD5, value. Palouse soll, with or with organic matter, had an
Intermediate EcDg, value, and the soil recovered ovaer time, but to a lesser extent than Cinebar
soil. The impact of brass flake on dehydrogenase activity for the solls is Burbank >
Palouse+OM 2 Palouse > Cinabar based on their 420-day EcDg, values of 24, 113, 189, and
1082 ug/g, raspectively.
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EIGURE 3.8. THE EFFECT OF BRASS-FLAKE CONCENTRATION ON SOIL
DEHYDROGENASE ACTIVITY
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EIGURE 3.8. AN EXAMPLE CALCULATION OF THE ECOLOGICAL DOSE OF BRASS
FLAKE CAUSING 50% INHIBITION (EcDgq) OF MICROBIAL ACTIVITY

The Inhibitian of soil microbial activity likely is due tc the soluble Cu and Zn in the brass.

The lower CEC of the Burbank might axplain the higher inhibition of dehydrogenase activity in
this soll.

Aarosol Deposition to Solls. Exposure to the mixed smoke of brass flake/fog oil
(BR/FO) at 4.5 nvs initlally reduced the dehydrogenase activity in all of the four soils to 3 to 8%
of control level, and activity rem...1ed reduced 28 days later (Figure 3.11 and Table 3.40).
Twenty-eight days after the exposure BR/FO axposed to solls at the iower wind speed (0.9
m/s) caused a more severe impact to Burbank soll (6%) than to the other threa soils (44 to

53%). All values noted for dehydrogenase activity were significantly ditferent from controls
based on t-test (p < 0.05).
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JABLE 3.39. BRASS EcDg, VALUES FOR MICROBIAL PARAMETERS

EcD50 (g brass/g dry soil)(®) .
Microbial Post-Exposure Burbank Cinebar Palouse Palouse+OM
Paramaeter Time (days)
Sall 5 10 (0.86) 59 (0.97) 88 (0.95) 45 (1.00)
Dehydrogenase 28 26 (0.87) 187 (0.89) 38 (0.83) 38 (0.99)
Activity 150 5 (0.67) 434 (0.98) 50 (0.92) 81 (0.92)
270 16 (0.91) 539 (1.00) 80 (0.83) 393 (1.00)
420 24 (0.83) 1082 (1.00) 160 (0.98) 118 (1.00)
Soll 4 882 (0.87) 2108 (1.00) 873 (0.97) 1810 (0.99)
Phosphatase 20 108 (0.98) 2103 (0.99) 12758 (1.00) 1047 (0.98)
Actlvity 180 488 (0.73) 1729 (0.98) 1718 (0.98) 1024 (1.00)
270 53 (0.99) 2048 (0.96) 1901 (0.94) 1627 (0.99)
420 120 (0.62) 2003 (0.98) 1284 (1.00) 1233 (0.88)
Sall 7 375 (0.81) 1468 (1.00) 3186 (1.00) 2442 (1.00)
ATP - Blomass 28 126 (0.88) . 2007 (1.00) 1948 (0.83) 3048 (0.87)
Level 180 500 (0.81) 5204 (0.96) 1087 (0.95) 1865 (0.98)
270 304 (0.81) 2474 (1.00) 5688 (0.69) 1816 (0.99)
420 304 (0.99) 2518 (0.99) 1451 (0.97) 1335 (0.87)

(a) EcDgq, the ecological concentration of brass flake causing 50% inhibition of microblal parameter, was
calculated from the curve that best fit the data. Numbaers in parenthesis denotea r2, the coefficient of
determination for the best fit curve used In the EcDgq calculation.

The concantration of brass in the BR/FO mixed-smoke exposure was estimated to be
800 and 4,000 ug/g for the 0.9 m/s and tha 4.5 Vs exposures, respactively, based on the soil-
coupon and filter-membrane deposition data. The anticipated effact at 800 pg/g brass
concentration, which can be calculated from the equation of best fit for the dose-response
curves for soll dehydrogenase actlvity (Table 3.41), is presented in Table 3.42. These resuits
Indicate that the impact of BR/FO exposure on soil dehydrogenase activity Is less than that
from brass alone, suggesting a beneficial synergistic effect of fog oil in the BR/FO mixed-
smoke exposure. Fog-oll exposure has been shown to stimulate 8oil dehydroganase activity
(Cataldo et al. 1989). This stimulation may offset the detrimental effect of the brass. We do
not know how long this beneficial synergism would last, because our incubatlons stopped at
28 days.
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JABLE 3.40. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL
DEHYDROGENASE ACTIVITY

Dehydrogenase Activity (% of Control)(®)

Exposure Post-Exposure Burbank Cinebar Palouse Palouse+OM
Condition Time (days)

unexposedo 100,00 (27.19 100.00 (3.01) 100,00 (6.03) 100,00 (8.68)
0.9 m/s BRFO 0 10.81 (2.55)'( ) 30.22 (4.28)° 82.47 (8.74)" 8221 (4.10)"
4.5 m/s BRFO 0 4,92 (1.13) 3,02 (0.39)" 6.18 (0.79)* 7.88 (0.73)"
unexposed 28 100,00 (4.72) 100,00 (18.38) 100,00 (23.45)  100.00 (3.81)
08meBRFC 28 6.25 (0.56)" 47.68 (7.21)° 44,32 (7.93)" 52,72 (8.23)"
45m/s BRFO 28 4,15 (1.08)" 7.01 (1.32)* 481 (1.21)" 8.18 (0.22)

(2) Mean (standard devistion), n = 3.
(®) *Denctes significant ditferance from control based on t-test, p < 0.05.

3.6.2 Soll Phosphatase Actlvity

Soll phosphatases, which can axist extracellularly, are a broad group of enzymes that
cleave both asters and anhydrides of phosphates from complex organophosphorus
compounds. Their activities In soil are important for the mineralization of phosphorus from soll
organic matter to the chemical forms available to plants (Ramirez-Martinez 1968). The
enzymes are classified as either acid or alkaline phosphatases because they show their
optimal activities in acid and alkaline ranges, respectively. The acid phosphatase was chosen
for this study because the pH of soils used for brass exposure ranged from 5.4 to 7.4.

Soil Amendment. The effect of brass on soil phosphatase activity depended on brass
concentration and soil type (Figure 3.12 and Table 3.43). In Burbank soil, a brass
concentration of 25 ug/g did not affact soll dehydrogenase activity initially (4 days incubation),
but with prolonged incubation, concentrations of 25 to 2500 ug/g all inhibited the activities from
17 to 70% of control. Activity was affected at all brass lavels, with inhibition increasing as
brass concantrations increased. In the other three soils, brass concentrations below 500 jig/g
did not inhibit soil phosphatase activity. In fact, activity was slightly enhanced by 25 to 100
Hg/g brass amendment in the Cinebar and Palouse soil. Howaever, at 2500 pg/g, activity in the
three soils was reducad to less than 45% of the control, and it remained inhibited 420 days
later. The EcDg, at various incubation times, calculated according to the best-fit curves (Table
3.44), are presented In Figure 3.13 and Table 3.39. At 4 days, EcDg, was 662, 2108, 673,
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' JABLE ;:.41. EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL DEHYDROGENASE ACTIVITY AS AFFECTED BY
l BRASS®)b)(e)
| A
Burbank Y = (232.36) * X*-0.88214 12 = 0,955
Clnebar Y = (740.03) * XA-0.66123 ?a 0.969
l Palouse Y = (1309.5) * X*-0.77410 12 w 0.946
Palouse + OM Y = (581.50) * XA-0.84782 r?= 0.905
' Incubation Time 28 days
Burbank Y = (1.2719E+7) * XA-3.8236 % = 0.873
' Cinebar Y = (170.88) * 10A(-2.8613E-3 * X) 2= 0,982
Palouse Y = 1.6097E+8 * X*-4,1289 2 = 0,825
l Palouse + OM Y = 63.849 * 107(-2.7475E-3 * X) 12 = 0.994
Incubation Time 180 days
Burbank Y = 98,779 * XA-0.43241 % = 0.669
l Cinebar Y = 83.385 * 104(-5.1158E-4 * X) 12 = 0.982
Palouse Y = 622,79 * X*-0.64314 2 = 0,924
l Palouse + OM Y = 2092.2 * XA-0.90943 r =0.923
Incubation Time 270 days
Burbank Y = 310.50 * X*-0.65218 12 = 0.905
l Cinebar Y = 80.935 * 104(-3.8781E-4 * X) 12 w 0.995
Palouse Y = 1668.0 * X*-0.7795% 2 w 0.934
' Palouse + OM Y = 83.942 * 107(-5.7282E-4 * X) 12 = 0.995
Incubation Time 420 days
l Burbank Y = 105.87 * X*-0.23515 12 = 0.628
Cinebar Y = 73.487 - 2,1708E-2 * X 2 « 0.998
Palouse Y = 80.9 - 0.16312 * X 12 = 0.962
I Palouse + OM Y = 120,95 * 10(-3.383E-3 * X) 2w 1.000
(8) Dose-response curve constructed from data in Table 1.1,
l (B) Y axig = dehydrogenase activity expressed as a percent of control; X-axis = brass concentration in
Ho/g soll.
l € 2, the coefiicient of determination for the best-fit curve.




JABLE 3.42. COMPARISON OF EXPOSURES OF BRASS FLAKE AND MIXED SMOKE
OF BRASS/FOG OIL ON SOIL DEHYDROGENASE ACTIVITY

Dehydroganase Activity (% of Control)®)

Exposure

Type Burbank Cinebar Palouse Palouse+OM
Brass (800 ug/g) - 5 days(® 243 8.91 7.41 7.79
BR/FQ (0.9 m/s) - 0 days 10.81 30.22 82.47 82.81
Brass (800 ug/g) - 28 days(®) 1x104 0.98 1,7 x104 0.40
BR/EQ (0.9 my/s) - 28 days, 6.25 47.88 44,32 52.72

(8) Galculated from the equations of best fit of dose-responae curves in Table 3.41.

and 1610 ug/g for Burbank, Cinebar, Palouse, and Palouse+OM, respectively. By 420 days
the EcDgq decreasaed five-fold in Burbank soll and increased two-fold in Palouse, while It
stayed rather unchanged in tha other two soils. The impact of brass flake on soil phosphatase
activity Is ranked Burbank > Palouse+OM 2 Palouse > Clnebar. Again, soll characteristics play
an important role in the potantial toxicity of the brass flake to soil microorganisms, the lower
CEC in Burbank explaining the higher inhibition of phosphatase activity in that soil.

Asrosol Deposition to Solis. The effect of BR/FO smoke exposure I8 presanted In
Figure 3.14 and Table 3.45. Exposure to the BR/FO smoke at 0.9 m/s had no effect on
Cinebar or Palouse+OM soll and a moderate effact on Palouse, while Burbank soil declined to
87% of control initially and to 33% after 28 days. At 4.5 m/s, all four solls were affected: at 28
days Burbank was reducad to 27% of the control, Cinebar to 85%, Palouse to §6%, and
Palouse+OM to €0%.

Based on the estimatad concentration of 800 ug/g brass in the BR/FO mixed smoke for
the 0.9 mvs exposure, the anticipated brass effect at 800 ug/g can be calculated from the
equation of bast fit of the dose-rasponse curve for soil phosphatase activity (Table 3.44). The
calculated effect Is prasanted in Table 3.48. These results Indicate that the impact on solil
phosphatase activity by the mixed-smoke exposure of BR/FO Is less than that of brass alone,
suggesting a benaficlal synergistic effect of tug oil in the BR/FO mixed-smoke exposure.
Becausa earlier studies with fog-oll exposure did not include its effect on soll phosphatase
activity, corroboration of synaergism is limited.
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TJABLE 3.43. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL

PHOSPHATASE ACTIVITY
Phosphatase Activity (% of Control)(®)
Brass Flake
Concentration (ug/g) Burbank Cinebar Palouse Palouse+OM
Incubation Time 4 days.
0 100,00 (18.05) 100,00 (15.42) 100,00 (5.72) 100.00 (9.14)
25 80.62 (11.52)  95.38 (14.84) 107.36 (4.71) 91.73 (10.41)
100 73.40 (9.88) ®) 0299 (12.80) 9220 (10.09) 98.20 (8.85)
500 46,85 (8.12)° 86.04 (9.99) 52.33 (10.87)*  84.84 (5.94)
2500 1460 (2.12)* 41.24 (7.00 3511 (1.49)" 33.81 (4.20)"
Incubation Time 28 daya,
0 100,00 (8.15)  100.00 (8.28) 100,00 (3.21) 100.00 (4.98)
28 790,08 (4.84)" 93.02 (5.51) 100,78 (5.98) $9.72 (8.00)
100 53.35 (4.03)° 95.08 (7.42) 102,92 (8.99) 85.23 (4.78)
500 31.45 (1.84)° 7747 (8.15)°  76.81 (10.09)  78.08 (4.05)
2500 14,00 (2.03) 4489 (3.71)  24.83 (2.01)* 42,09 (2.50)°
Incubation Time 150 days.
0 100,00 (8.14) 100,00 (2.84) 100,00 (2.73) 100,00 (0.91)
25 7073 (4.25°  110.28 (1211 117.08 (11.70) $0.37 (5.18)°
100 53.51 (3.23)"  113.80 (8.89)" 11285 (8.90) 81.67 (2.58)*
500 4458 (3.04) 11419 (13.11) 11138 (12.57) 5.31 (1.44)"
2500 47.80 (3.30)° 1496 (0.49)° 1528 (0.54)* 22,18 (1.48)
Incubation Time 270 days.
0 100.00 (7.22)  100.00 (3.94)  100.00 (13.77)  100.07 {0.93)
25 81.20 (403  108.87 (8.39)  101.24 (10.75) 104,11 (5.52)
100 4230 .77y 97.13 (13.32)  99.63 (9.80) 94.73 (4.76)"
500 25.02 (1.86)°  101.83 (8.81)  105.33 (10.42) 90.12 (3.93)*
2500 13.43 (0.77)° 35.87 (3.18)°  29.53 (2.42) 21.08 (0.79)"
Incubation Time 420 days
0 100,00 (12.41)  100.00 (7.53)  100.00 (7.08) 100.00 (15.54)
2% 70.49 (6.70)* 90.54 (5.85) 96.72 (7.29) 108.28 (13.92)
100 86.41 (8.95)° 92.65 (5.03) 93.18 (8.47) 82.31 (9.78)
500 38,23 (3.44) 89.24 (8.13)°  74.75 {4.00)" 75.74 (10.57)*
2500 17.01 (1.73)" 40.30 (5.09)° 7.18 (1.11) 25.16 (3.80)"

(@) Mean (standard deviation), na3.

®) *penctes significant difference fron cortrol based on 1-ast, p 5 0.05.




JABLE 3.44. EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL PHOSPHATASE ACTIVITY AS AFFECTED BY BRASS(®)(b)¢)

Incubation Time § days
Burbank Soil

Cinebar Soll
Palouse Sail
Palouse Soil + OM

Ingubation Time 28 dava
Burbank Sail

Cinebar Soil
Palouse Soll
Palouse Soil + OM

Incubation Time 150 davs |
Burbank Soil

Cinebar Soil
Palouse Sail
Palouse Soil + OM

Incubation Time 270 davs
Burbank Sail

Cinebar Soil
Palouse Soll
Palousa Soil + OM

Incubation Time 420 davs
Burbank Soil

Cinebar Sall

Palouse Sail

Palouse Soil + OM

Y = 78.847 * 10A(-2.9887E-4 * X)
Y = 95.961 - 2,1822E-2 * X

Y = 263.87 * XA-0,28548

Y = 89,502 * 10A(-1.8563E-4 * X)

Y = 282.54 * X4-0,37238

Y = §4,078 * 10A(-1.3088E-4 * X)
Y »104.7 * 10A(-2.5183E-4 * X)
Y = 93,421 * 107(-1.3948E-4 * X)

Y = 85,777 * X*-8,7279E-2
Y = 124.02 - 4,2805E-2 * X
Y = 121.87 - 4,1903E-2 * X
Y = 88.148 *104(-2,.4057E4 * X)

Y = 188,62 * X4-0.33012

Y = 108.04 - 2,8368E-2 * X
Y = 107.61 - 3,0302E-2 * X
Y » 102,93 -3.2841E-2 * X

Y » 235.87 * X*-0,31802

Y = 94,967 - 2.1484E-2 * X
Y=9588-35719E 2° X

V-~ 97.608 ° 10*\-2,3553E-4 * X)

” = 0973
2 « 0.999
R «0.972
2 = 0988

” 0,082
2 = 0.990
” = 0.998
” 0978

1 = 0.727
2 0976
2 = 0079
” = 0,998

2 » 0.994
° 0,962
f2 = 0,943
2w 0.831

2 = 0.922
© = 0979
R = 0.997
R = 0.981

(8) Doge-response curve constructed from data in Table 6.

Y:axis = phosphatase activity expressed as a parcent of control; X-axis = brass caoncentration in ug/g soll.

(0 r2 « the coefficient of determination for the best-lit curve.
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JABLE 3.45. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL

PHOSPHATASE ACTIVITY
Phosphatase Activity (% of Control)()

Exposure  Post-Exposure

Condition Time (days) Burbank Cinebar Palouse Palouse+OM
ungxposed 0 100.50 (11.51) 100,00 (7.01) 100.00 (5.28) 100.00 (5.79)
0.9 m/s BRFO ] 87.38 (7.55)'(®) 92,38 (9.51) 93.25 (5.24)° 07.64 (7.28)
4.5 m/s BRFO 0 2547 (8.57)  60.34 (5.86)° 84,74 (3.83) 60.22 (4.10)°
unexposed 28 100.00 (0.41) 100.00 (7.78) 100.00 (5.59) 100,00 (8.12)
0.9 m/s BRFO 28 33.08 (1.19)" 100,87 (7.24) 82.13 (5.08)" £9.65 (5.89)
4.5 m/s BRFO 28 26.50 (5.36)*  84.85 (5.15) 54,73 (3.24) 59.82 (4.42)"

(@) Mean (standard deviation), n=3.
®) *Denvtes significant difference from control based on t-test, p s 0.06.

3.6.3 Soll ATP - Soil Microbial Biomass

Measuring soil microbial blomass lavels after the addition of a compound can indicate
how well the soil microbial population will survive. Changas in soll microbial biomass can
influence nutrient cycling, decomposition processes, and other important biotic functions, which
contribute to a stable ecosystem. Extracting and in measuring ATP from the solil microbial
blomass is an easy methcd to measure the soil microbial biomass.

Pot Amendments. Soil microbial biomass, as represented by the scil ATP level,
decreased at 7 days to approximately 30% of control in Burbank soil at 500 and 2500 ug/g
brass (Table 3.47 and Figure 3.15). In the three other soils, only the largest brass amendment
(2500 ug/g) caused ATP lavels to drop, in Cinebar soil to approximately 50% and in Palouse
soll or Palouse+OM to approximately 35%. At an incubation time of 7 days, the EcD5q values
were 375, 1468, 3166, and 2442 pg/g for Burbank, Cinebar, Palouse, and Palouse+OM,
respectively (Figure 3.16 and Table 3.39). After 420 days the EcDgq decreased to 304, 1451,
and 1335 pg/g in Burbank, Palouse, and Palouse+OM, respectively, while in Cinebar the
EcDgq increased to 2515 ug/g. The impact of brass flake on soll ATP level thus is ranked
Burbank > Palouse+OM 2 Palouse > Cinebar. This ranking in general is the same as for the
dehydrogenase and phosphatasa activities. Once more, the lower CEC in Burbank soil
explains the lower levels of ATP, or soil microblal blomass, in Burbank soil.
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TABLE 3.46. COMPARISON OF EXPOSURES OF BRASS FLAKE AND MIXED SMOKE
OF BRASS/FOG OIL OF ON SOIL PHOSPHATASE ACTIVITY

Phosphatase Activity (% of Control)(®)

Exposure

Type Burbank Cinebar Paiouse Palovse+OM
Brass (800 ug/g) - 4 days(®) 45,48 78.50 4783 70.68
BRFO (0.9 m/s) - 0 days 67.38 93.26 $3.25 97.54
Brass (800 pg/g) - 26 days(®) 23,45 73.97 85.84 72.28
BR/FO (0.9 m/s) - 26 days 33.08 100.87 82,13 90.66

(@) Calculated from the equations of best 1 of dose-response curves in Table 3.43,

Asrosol Deposition to Solls. Exposure to the BR/FO mixed smoke at 0.9 mv/s or 4.5 m/s
had no effect on Cinebar, Palouse, or Palouse+OM soll ATP levels immediatsly after exposure
or 28 days later (Figure 3.17 and Table 3.48). Initially, Burbank soil was not affacted by the 0.9
m/s BR/FO exposure, but the ATP levels declined to 54% of control after 28 days. When
exposad to BR/FO smoke at the highar wind speed of 4.5 m/s, ATP level in Burbank soll
decreased to 44% immediately and continued to decline to 12% after 28 days.

Based on the astimated concentration of 800 ug/g brass in the BR/FO mixed smoke
exposure for the 0.9 m/s wind spaed, the anticipated brass-only effact at 800 ug/g can be
calculated from the equation of best fit for the dose-response curve for soil ATP lavel
(Table 3.49). The calculated effect is presented in Table 3.50. These results indicate that the
impact of BR/FO on soil ATP levels Is less than that of brass alone, suggesting a beneficial
synerglstic effect of fog ol in the BR/FO mixed smoke. However, no soll ATP data was
available for the fog oil alone, thus corroboration of synergism is limited.

3.83




JABLE 3.47. THE EFFECT OF BRASS FLAKE CONCENTRATION ON ATP - SOIL
MICROBIAL BIOMASS l
ATP Level (% of Control)(®
Brass Flake '
Concentration (ng/g) Burbank Cinebar Palouse Palouse+OM
Incubation Time 7 days '
0 100.00 (7.58) 100.00 (10.02)  100.00 (5.88)  100.00 (0.79)
25 $0.08 (7.00) 7228 (7.07m'(®) 98,15 (4.01) 101.88 (1.03) l
100 109.20 (8.54) 68.01 (10.84)° 92.84 (8.24) 100.48 (3.99)
500 37.27 (2.968)° 6290 (8.37) 83.31 (4.88)"  90.50 (8.70)
2500 20.19 (1.768)  30.08 (4.48) 57.38 (4.08)" 49,02 (2.48)° .
Incubation Time 28 davs
0 100.00 (12.81) 100,00 (8.35) 100,00 (5.14)  100.00 (4.04) I
25 119.28 (13.72) 10878 (7.43) 100.04 (4.01) 93.57 (12.88)
100 82.87 (10.01) 111,01 (8.73) 105.01 (6.72) 99.74 (11.83)
500 16.69 (1.67° 91,32 (8.08) 110,83 (4.88) 107.84 (36.08) l
2500 7.00 (137 3950 (2.52)° 38.27 (4.25)°  88.48 (5.08)
Incubation Time 150 days
0 100.00 (0.70) 100,00 (14.80) 100.00 (8.72)  100.00 (4.98) '
25 108.82 (7.56) 83.07 (9.82) 81.34 (5.11)*  88.02 (574
100 88.44 (1.81) 9038 (11.18) 88.61 (5.78)  §0.88 (3.26) I
500 40.81 (1.02)' 8478 (9.48) 90.04 (8.74)* 88,71 (3.88)
2500 54,82 (0.53)  71.89 (8.44) 20.28 (1.36)* 34,37 (1.31)
Incubation Time 270 days I
0 100,00 (11.53) 100.00 (2.58) 100.00 (4.88)  100.00 (1.48)
25 69.86 (5.78)  96.78 (3.97) 61.84 (2.60)  83.08 (1.75) l
100 §6.52 (6.07)°  ©8.38 (4.94)° 67.29 (8.53)  83.56 (0.83)
500 4149 (3.75°  8R.72 (5.98)° 5518 (2.29)*  78.81 (3.20)
2500 38.18 (3.15)"  49.32 (2.00) 16.99 (0.88)"  25.38 (1,00) '
Incubation Time 420 days
0 100.00 (15.47) 100.00 (4.71) 100,00 (3.10)  100.00 (8.98) l
25 105.07 (15.44) 107.72 (9.18) 100.04 (3.88) 88.14 (7.51)°
100 81.82 (11.76) 121.78 (19.23) 62.58 (2.58)*  80.16 (0.52)"
500 156.35 (4.83)" 118.35 (8.31) 79.34 (12.84)° 87.07 (5.80)" .
2500 20.25 (8.54) 4063 (5.59) 18.55 (2.98)° 10,05 (1.52)
(®) Mean (standard deviation), nw3. l
(®) *Donotes significant difference from control based on t-test, p s 0.05.
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JABLE 3.48. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON ATP -
SOIL MICROBIAL BIOMASS

ATP Level (% of Control)(®)
Exposure  Post-Exposure

Condition  Time (days) Burbank Cinebar Palouse Palouse+OM
unexposed 0 100.00 (15.27) 100.00 (11.84) 100,00 (3.19) 100.00 (7.78)
0.0meBRFO 0 " 105.97 (11.78) 104.10 (9.09) 107.19 (8.85) 114,97 (13.76)
45msBRFO 0 43.78 (8.45)(®) 107,97 (9.45) 92,04 (4.23)°  101.81 (8.99)
unexposed 28 100,00 (14.51) 100,00 (5.93) 100,00 (2.44) 100.00 (12.83)
0.9maBRFO 28 53.93 (7.82)° 08.44 (14.85) 11841 (10.21) 03.50 (12.28)
45meBRFO 28 11.81 (.98)* 97,01 (14.72) 10220 (7.10) 108.79 (16.98)

(®) Mean (standard deviation), n=3.
(®) *Denctes signiticant difference from control based on t-test, p < 0.08.

3.8.4 Iotal Soll Heterotrophio Bacterla

Aarosol Daposition to Soll. The effect of brass flake amandmant or BR/FO smoke
exposure to the total soil heterotrophic bacteria was moderate, and In most cases, not
significant (Figures 3.18 and 3.19; Tables 3.51 and 3.52). Concentration effects demonstrated
In the two soii-enzyme assays and the soll ATP levels discussed above, were not seen here.
The assay of total number of organisms able to grow out of a soll apparently is not able to
detect the ecological effects of brass-flake exposure.

3.6.5 SojlMicrobial Diversity indax

Microbial diversity may be a useful parameter for assessing the effects of stress on the
soll microblal community (Atlas 1984b). The stabllity of the microbial community requires a
certain amount of diversity, while the addition of stress or insult may influence acosystem
structure and function. The two main measures of species diversity are the total number of
different species In the community and the number within each species. One can determine
whether an ingult or strass has changed the total number of spacies, the dominant specles, or
even selected for new populations to develop. A widaly used measure of species diversity Is
the Shannon-Waaver index of species diversity, which is a genaral diversity index sensitive
both to species richness and relative species abundance. We chose this index of species
diversity to measure tfe soll microbial species diversity.

3.88




I TABLE 3.49. EQUATION FOR THE BEST FIT FROM THE DOSE-RESPONSE CURVE
FOR SOIL ATP - SOIL MICROBIAL BIOMASS AS AFFECTED BY
' BRASS(®)(b)c)
Incubation Time 7 days
' Burbank Soll Y = 283.00 * X-0.29252 e = 0.808
Cinabar Soil Y = 71.114 * 10A(-1.042E-4 * X) re = 0.896
I Palouse Soil Y = 84.155 * 10/(-8.8828 E-5 * X) 12 = 0.995
Palouse Solil + OM Y = 103.64 * 10(-1,2962E-4 * X) 2 = 0,999
l Inoybation Tima 28 days
Burbank Soll Y = 1200.1 * X*-0.85872 r2 = 0.963
I Cinebar Soil Y w 111,47 *10A(+1.7078E-4 * X) 2 m 0.995
Palouse Soll Y = 113.53 * 104(-1.8286E-4 * X) r2 = 0.934
' Palouse Soil + OM Y = 104,32 * 104(-1.0479E-4 * X) 12 m 0,872
Incybation Time 180 days_
l Burbank Soil Y = 173,07 * XA-0,16391 R a0,813
Clnebar Soll Y = 91,208 - 7.9179E-3 * X r2 = 0,960
Palouse Soll Y = 88,884 * 10(-2,8425E-4 * X) R m(,949 1
l Palouse Soil + OM Y = 92,88 - 2.2095E-2* X. 2 w(,978 '
Incubation Time 270 days.
' Burbank Soil Y = 118,36 * XA-0.14775 2 w 0,908
Cinebar Soil Y = 99,031 - 1,9822E-2 * X r? w0.997
' Palousa Soll Y = 68.423 * 10/(-2,3979E-4 * X) r2 w 0,990
Falouse Soil + OM Y = 88.60 - 2.4166E-2* X re = 0,988
' Ingubation Time 420 days,
Burbank Soil Y = 105.19-0.18134* X 2w 0.989
l Cinebar Soll Y w 129,07 - 3.1443E-2 * X 12w 0,987
Palouse Soll Y = 93.618 - 3,0086E-2 * X 12« 0,069
Palouse Soll + OM Y = 93.644 - 3.269E-2 * X 1 = 0.965
l (a) Dose-response curve constructad from data in Table 10,
®) Y axis = ATP lovel expressed as a percant of control: X axis = brass concentration in pg/g soll,
' (€} 12 . the coefficient of determination for the best-fit curve.
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JABLE 3.50. COMPARISON OF EXPOSURES OF BRASS FLAKES AND A MIXED SMOKE
OF BRASS/FOG OIL ON ATP - SOIL MICROBIAL BIOMASS

ATP Level (% of Control)(®)

Exposure

Type Burbank Cinebar Palouse Palouse+OM
Brass (800 pg/g) - 7 days(®  40.04 50.69 80.02 81.44
BR/FOQ (0.9 m/s) - 0 days 108.97 104.10 107.19 114,97
Brass (800 ug/g) - 28 days® 14,88 80.04 81.08 86.01
BR/FO (0.9 mvs) - 28 days 53,83 88.44 102.20 93.59

(@) Caiculated from the equations of best fit of dose-response curvas in Table 12,

The effect of brass-flake amendmant on soll microbial diversity (Figure 3.20 and
Table 3.53) appedared to be slight. At 100 ug/g brass, a small enhancemant was observed for
Cinabar and Palouse+OM between 28 and 270 days of incubation. At 2500 ug/g brass,
inhibition was noted In Burbank, Cinebar, and Palouse soll at 420 days.

Microbial diversity in soll exposed to BR/FO mixed smoke was not significantly impacted
(Figure 3.21). Microblal diversity was not impactad Ly tha mixed smoke of BR/FO (P<0.05).

3.6.6 SallNitrifying Bacterig

Nitrogen Is the nutrient most limiting in agricultural (Stevenson 1982) and arid land
acusysterns (West and Skujins, 1978) for both plant and suil microbial growth and function.
The conversion of organic nitrogen to available inorganic forms involves two distinct
microbiological processes: arnmonification, which convarts organi: nitrogen to ammonia, and
nitrification, which transforms ammonia to nitrate. Nitrificaticr in soil Is madiated by the soll
nitrifying bacteria. The Nitrosomonas sp. type microorganisms are responsible for the
convarsion of ammcnia to nitrite and the Nitrobacter sp. tyj.e mic:oorganisms are responsible
for the further oxidization of nitrite to nitrate, a soluble and mobile form of nitrogen in soll
ulllizable by plants arid by other microorganisms.
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JABLE3.51. THE EFFECT OF BRASS FLAKE CONCENTRATION ON THE
POPULATION OF TOTAL SOIL HETEROTROPHIC BACTERIA

Total Soll Heterotrophic Bactaria, log(CFU/g dry soll)®
Brass-Fiake

Concentration (1g/g) Burbank Cinabar Palouse Palouse+OM

Jocubation Tima 2 days
0 6.68 (0.07) 8.97 (0.21) 7.09 (0.12) 7.81 (0.02)*
28 6.75 (0.08) 7.18 (0.08) 7.23 (0.00) 7.74 (0.02)°
100 8.64 (0.08) 6.82 (0.11) 7.39 (0.068)* ®)  7.71 (0.08)"
500 8.44 (0,07)" 7.00 (0.35) 8.71 (0.25) 7.70 (0.03)°
2500 8.43 (0,32) 8.07 (0.07)° 7,01 (0.08) 7,48 (0.07)*

Incubation Time 28 days.

0 6.58 (0.07) 7.57 (0.26) 8.84 (0.14) 7,48 (0.10)
25 6.59 (0.10) 7.88 (L.08) 6.74 (0.08) 7.51 (0.03)
100 6.87 (0.08) 7.53 (0.09) 8.71 (0.08) 7.33 (0.13)
500 6.48 (0.02) 7.61 (0.22) 8.85 (0.14) 7.52 (0.28)
2500 6.83 (0.11) 7.50 (0.04) 6.55 (0.24) 7.74 (0,14)

0 8.50 (0.03) 7.82 (0.04) 7.53 (0.08) 7.78 (0.04)
28 8.41 (0,00) 8.30 (0.33) 7.48 (0.03) 7.62(0.14)
100 6.88 (0.03)° 7.88 (0.11) 7.81 (0.03) 7.55 (0.08)*
500 7.16 (0.08)* 8.01 (0.08)" 7.81 (0.03) 7.70 (0.03)"
2500 7.09 (0.03)° 8.20 (0.00)" 8.18 (0.08)° 7.88 (0.08)*

Incubation Time 270 days

0 8.47 (0.22) 7.40 (0.06) 7.29 (0.07) 7.53 (0.03)
25 7.78 (0.07)* 7.09 (0.08)* 7.01 (0.08)* 7.43 (0.08)
100 8.88 (0.06) 7.48 (0.03) 7.35 (0.04) 7.43 (0.08)
500 8.72 (0.08) 7.74 (0.12)° 7.42 (0.08) 7.51 (0.03)
2500 8.28 (0.17) 8.02 (0.04)° 7.84 (n.16)" 7.41 (0.12)

Incubation Time 420 days
0 8.50 (0.9) 7.33 (0.08) 7.34 (0.15) 7.01 (0.04)

26 6.50 (0.07) 7.42 (0.15) 7.23 (0.17) 8.96 (0.03)
100 8.41 (0.07) 8.98 (0.13) 7.28 (0.08) 6.78 (0.14)
500 5.80 (0.11)" 6.86 (0.28) 7.31 (0.02) 7.13 (0.03)
2500 8.27 (0.19) 7.88 (0.08)* 7.35 (0.19) 7.12(0.10)

(8) Log(colony-forming-unit per gram dry sall), expressed as mean (stundard deviation), n = 3.
(®) *Danotes significant diterence from control based on t-test, p < 0.05,
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JABLE 3.82. THE EFFECT OF BRASS-FLAKE/FOG-OIL MIXED SMOKE ON THE
POPULATION OF TOTAL SOIL HETEROTROPHIC BACTERIA

Total Heterotrophic Bacteria, log(CFU/g dry soll)®
Exposure  Post-Exposure

Condition Tima (days) Burbank Cinebar Palouse Palouse+OM
unexposed 0 6.62 (0.15) 7.18 (0.07) 6,75 (0.10) .05 (0.02)
0.9 m/s BRFO 0 6.64 (0,12) 7.42 (0.08) 6.78 (0.08) 7.07 (0.08)
4.5 m/s BRFO 0 6.59 {0.08) 7.48 (0.05)'®) 6,88 (0.08) 7.49 (0,03)*
unexposed 28 6.93 (0.20) 7.84 (0.13) 7.26 (0.18) 7.44 (0.30)
0.9 mis BRFO 28 7.43 (0.04) 7.70 (0.15) 7.21(0.12) 7.41 (0.17)
45 miaBRFO 28 7.80 (0.09) 7.65 (0.07) 7.44 (0,08) 7.86 (0.08)

(a) Log(colony-forming-unit per gram dry soll), expressed as mean (standard deviation), n = 3,
(®) *Denotes significant ditference from control based on t-test, p < 0.05.

Bot Amandment. Except in Cinebar soil, populations of soll Nitrosomonas sp.
decreased dramatically 2 to 28 days after the addition of 2500 ug/g brass. No eftect was found
for soll amended at concentrations of 25 to 500 ug/g except for Burbank soil exposed to 500
Hg/g (Table 3.54). A recovery and increase In the Nitrosomonas sp. population occurred after
a prolonged incubatlon time of 420 days (Figure 3.22).

Numbers of soil Nitrobacter sp. daclined when exposad to brass flake at 2500 ug/g and
incubated for 2 to 28 days (Figure 3.24 and Table 3.56). Howaver, as in the case with
Nitrosomonas sp., the population was able to recover over time.

Asargsol Deposition to Sail. The population of soil Nitrosormonas sp. was not atfected by
the BR/FO exposure at 0.9 m/s, but it was Inhibited by the 4.5 m/s exposura In Burbank and
Cinebar soil immediately after exposure (Figure 3.23 and Table 3.54). The population was
able to recover to the level of the unaxposed soil after 28 days.

Soll populations of Nitrobacter sp. were not affected by tha BR/FO smoke exposure at
0.9 m/s, but were Initially inhibited by the 4.5 m/s exposure in Burbank and Cinebar soils. After
28 days, these solls recoverad to the control levels, while the Palouse soil had a significant
decrease at this time (Figure 3.25 and Table 3.57).
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JABLE 353. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL

MICROBIAL SPECIES DIVERSITY '

Shannon-Weaver Index of Divarsity(@ |
Brass Flake '
Concentration (ug/g) Burbank Cinebar Palouse Palouse+OM
Incubation Time 2 days :
0 3.08 (0.54) 2.32 (0.00) 2.58 (0.24) 2.88 (0.14)
25 3,37 (0.30) 2.56 (0.52) 3.38 (0.00) 2.81 (0.12) l '
100 3.50 (0.18) 3.02 (0.60) 3.00 (0.25) 2.46 (0.21)
500 2.73 (0.88) 2.17 (0.60) 2,42 (0.11) 2.80 (0.40) ,
2500 0.58 (0.50)* 2.39 (0.68) 2.87 (0.33) 2.75 (0.31) '
0 2.48 (0.53) 2.80 (0.03) 2.34 (0.36) 2.29 (0.23)
25 2.86 (0.08) 2.43 (0.26) 2.98 (0.19) 2.50 (0.27)
100 2.71 (0.07) 2.28 (0.36) 2.78 (0.13) 2.78 (0.17)
500 2.84 (0.48) 2.81 (0.08) 2.53 (0.34) 2.58 (0.52) l
2500 2.30 (0.39) 2 55 (0.19) 2.80 (0.15) 2.19 (0.12)
0 2.91(0.17) 2.92 (0.07) 3.22 (0.19) 2.70 (0.25)
28 3.26 (0.10) 2.84 (0,15) 3.09 (0.10) 2,73 (0.28) ;
100 3.18 (0.29) 3.22 (0.09)" 3.11 (0.17) 2.50 (0.11) '
500 2.58 (0.15) 2.70 (0.17) 3,32 (0.08) 2.79 (0.16)
2500 1.03 (0.22)* 2.50 (0.50) 2.79 (0.11)* 2.74 (0.08) ' '
Incubation Time 270 days. '
0 2.87 (0.10) 2.83 (0.19) 2.62 (0.17) 2.52 (0.09)
25 2.95 (0.29) 2.85 (0.20) 2.58 (0.38) 2.59 (0.22) I
100 2.78 (0.12) 2.73 (0.38) 2.81 (0.41) 2.87 (0.02)"
500 2.85 (0.19) 2.68 (0.08) 2.70 (0.11) 2.69 (0.12)
2500 1.79 (0.14)* 1.57 (0.29)° 2.56 (0.02) 2.35 (0.32) '
Incubation Time 420 days.
0 3.69 (0.09) 3.20 (0.17) 3.18 (0.20) 2.18 (0.72) '
25 3.58 (0.07) 3.09 (0.17) 3.05 (0.10) 1.83 (0.10) .
100 3.72 (0.14) 3.24 (0.26) 2.83 (0.89) 2.01 (0.54)
500 2.50 (0.14)" 3.01 (0.30) 2.80 (0.47) 1.23 (0.39) I
2600 2.80 (0.13)* 2.47 (0.20)* 2.51 (0.28)" 2.10 (0.20)
(a) Mean (standard deviation), n = 3, I
(b) *Denoctes significant ditference from control based on t-test, p € 0.05.
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JABLE 3.54. THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL
I NITRIFYING BACTERIA-NITROSOMONAS sp.
Soll Nitrobacter sp. Population, log(MPN/g dry soil) (®)
l Brass Flake
Concentration (ui/g) Burbank Cinebar Palouse Palouse+OM
l Incubation Timae 2 days
0 2.32 2.27 2.79 27
I 25 1.78 227 2.7 3.33
100 1.78 1.88 3.48 3.14
500 1.32(0) 2.08 2.79 3.48
l 2500 0.34*(9) 1,52 0.40° 0.00°
Incubation Time 28 days
l 0 2.20 3.87 270 3.44
25 2.47 3.87 2.79 3.48
100 1.92 4,08 3.48 2.7
l 500 4.20° 3,68 278 2.62
2500 1.43 2,85 0.40* 284
Inoybation Time 150 dava
l ¢ : 1.29 3.86 3,14 3.21
25 2,78 3.68 3.32 3.21
l 100 3.47* 3.99 2.61 293
800 4,13 4,00 313 3.21
2500 4,93 427 2.99 4.21
I Incybation Time 270 days
0 1.12 3.08 3.14 2.81
l 28 3.58° 3.28 2.61 200
100 an 3.68 3.00 3.00
5o 3.43° an 278 2.99
l 2500 2.42° 2.8 a2t 379"
Incubation Time 420 days
l 0 1.89 3.00 27 2.81
25 245 3.21 3.00 2.14
100 3.47 3.21 248 2.33
l 500 iz 3.07 281 2.33
2500 290 4.08 270 3.9
l () Log (most-probable-numbaer population per gram dry soil), 85% confidence level for the MPN enumeration
with 5-replicate, 10-fold dilution method Is + 0.52.
(®) *+penotes signiticant difference from control based on t-test, p < 0.10.
l ©) *Denotes significant difference from control based on t-test, p < 0.05,
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JABLE 3,55, THE EFFECT OF BRASS FLAKE CONCENTRATION ON SOIL
NITRIFYING BACTERIA-NITROBACTER sp.

Soll Nitrobacter sp. Population, log (MPN/g dry soll)(®)

Brass Flake

Concentration (ug/g) Burbank Cinebar Palouse Palouse+OM
Incubation Time: 2 days

0 2.47 1.52 1.82 248
25 2.99 1.51 1.62 2,21
100 2.47 1.68 2.48 2,48
500 1.99 1.52 1.48 1.82
2500 0.00*®) 0.00° 0,70*+(¢) 0.00°
Ingubation Time: 28 days

0 2.69 2.87 1.82 2,00
25 2.47 2.19 1.82 2,00
100 2.47 3.06 1,62 2,48
500 3.20 3.6 1.48 1,79
2500 0.74* a.er 0.40* 1,07
Incubation Time: 160 days

0 2.48 4.20 2.48 247
25 3.47 3.88 2.47 2.61
100 3.20 3.99 2.47 2.47
500 4.78* 4,07 1.89 2.21
2500 8.20° 5.05 3.08 3.99°
Inoubation Timae: 270 days

0 3.19 a.52 2.21 2.78
25 4.45° 3,28 2.61 2,89
100 3.91 3.58 3.00 2.7%
500 431" 3.88 2.78 2.7
2500 4.31°** 4.88* 3,13 2.79
Ingubation Time: 420 days

0 2.50 3.28 1.48 2.24
25 2.22 3.20 1.82 1.84
100 2.99 3.55 1.48 1.62
500 5.63° 3.86 1.45 1.62
2500 4.78° 4.68° 5.48° 1.79*

(a) Log (most-probable-number population per gram dry soil), 85% confidence level for tha MPN enumeration.

with 5-replicate, 10-fald dilution method Is £ 0.52.
() *Danotes significant difference from control based on t-test, p <0.08.
(©) **Danotes signiticant ditference from control based on t-test, p < 0,10,




TABLE 3.58. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL
NITRIFYING BACTERIA-NITROSOMONAS sp.

Soll Nitrobacter sp. Population, log (MPN/g dry soll)(®)
Exposure Post-Exposure

Condition Time (days) Burbank Cinebar Palouge Palouse+OM

unexposed 0 248 2.49 .79 247

09MsBRFO o 298 2,26 2,82 2.79

45m/sBRFO o 1,51+(0) 137 2.48 2.21

unexpcsed 28 3190 3.83 2.99 2.81

09 m/sBRFO 28 3.80 3.87 279 2.79

45m/s BRIFO 28 398 3.58 3.48 2.81

(@) Log(most-probable-number popilation per gram dry soll), 95% confidence level for tha MPN enumeration

with S-replicate, 10-lold diiution method Is £ 0.52, No significant difference from contrel was found bused 4

on t-test, p £ 0.08,
(b) + Denates significant ditference from control based on t-test, p < 0,10,

3.7 EEEECTS OF BRASS AND BRASS/FOG OlL ON SOIL INVERTERRATERS

Wa sought to determine the effects of brass flake on the survivability and
viability/activity of invertebrates. Earthworms (Elaania jeatida) were placed in coupons
contalning artificial soil (70 g) and were then exposed to the brass flake during the tests. The
results, given in Table 3.58, indicate only a slightly deleterious effect on the populations,
particularly at the higher wind speeds and therafore the higher loading levels (> 445 ug/cm?),
This Is most avident at the 10 mph test, where the animals appeared to lose some of their
rasponsgiveness to stimull (handling) by 14 days post-exposure. However, in contrast to
expariments with some other smokes (e.g., WP and HC; Van Vorls et al. 1886; Cataldo et al.
1990), where decidad numbars of deaths occurred during this period, no fatalities among the
populations exposed were noted. In fact, egg casings and juvenile hatching were noted in
some of the coupons.

Exposure of sarthworms to BR/FO aerosols (Table 3.59) at mass loadings of 200 ug

brass/cm2 had no effect on survivabliity and only moderately affected tactile activity. Thus
thera is no indication that fog oll ameliorates or intensifies the effects of brass.
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JABLE 3.57. THE EFFECT OF BRASS FLAKE/FOG OIL MIXED SMOKE ON SOIL
NITRIFYING BACTERIA-NITROBACTER sp.

Soil Nitrobacter sp. Population, log (MPN/g dry soil)(®)
Exposure Post-Exposure

Condition Time (days) Burbank Cinebar Palouse Palouse+OM
unexposad 0 2.48 1.87 1.61 1.61

- 089mMsBRIFO o 1.98 1.51 1.48 1.61
45m/s BRIFO o 1,44+ () 0.40°(¢) 1.48 1.48
unexposed 28 3.19 2,53 1.99 146
09 nvs BR/IFO 28 298 2.19 2.21 0.75
45m/s BRIFO 28 3.20 2,04 0.78* 1.33

() Log (most-probabie-numbar population per gram dry soll), 5% confidence level for the
MPN snumaration wiih 5-replicate, 10-fold dilution method is + 0.52,

(®) *Denctes significant ditference from control based on t-test, p £ 0.10,
(©) *Denctes significant difference from control based on t-test, p < 0,08,

JABLE 3.88. INFLUENCE OF SOIL-DEPOSITED BRASS FLAKE ON THE SURVIVAL OF ]
EARTHWORMS (Elsenia foetida), WORMS WERE PLACED IN ARTIFICIAL '
SOILS (70 g), EXPOSED TO BRASS FLAKE, AND HELD FOR 14 DAYS ~

POST-EXPOSURE.
Experiment Wind Speed Soll Maas Loading Survival
Number (m/s) (pg/omz) {Average:SD, n = 3) Condition
BR-13 0.9 73.3£29.5 10/10 Healthy, Active
10/10 Healthy, Active
10/10 Healthy, Active
BR-12 1.8 107.6£65.0 10/10 Healthy, Active
11(8)10 Healthy, Active
10/10 Healthy, Active
BR-11 2.7 204.1£39.8 10/10 Moderate Activity
10/10 Healthy, Active
1010 Moderate Actlvity
BR-10 45 445.5+:169.4 10/10 Sluggish,inactive
12(8)10 Moderate Activity
10/10 Healthy, Active

(@) Eggs laid and hatched.
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JABLE 3.89. INFLUENCE OF SOIL-DEPOSITED BRASS FLAKE/FOG OIL ON THE
SURVIVAL OF EARTHWORMS (Elsenia foetida). WORMS WERE PLACED
IN ARTIFICIAL SOILS (70 g), EXPOSED TO BRASS FLAKE IN BR/FO, AND
HELD FOR 14 DAYS POST-EXPOSURE.

Experiment Wind Speed Soil Mass Loading Survival

Number {m/s) (p.g/cmz) (Average:SD, n = 3) Condition

BR/FO-03 0.9 148.45+32.88 810 Moderate Activity
1010 Healthy, Active
1010 Moderate Activity

BR/FO-08 45 216.36+189.79 1010 Moderate Activity
11010 Moderate Activity
11®)10 Moderate Actlvity

(@) Eggs laid and hatched.

3.8 SOIL MOBILITY OF BRASS - SOIL COLUMN STUDIES

Brass flake was neutron-activated to produce a 852n-tagged brass. This material then
was applied to column surfaces to determine the mobility of weathered soluble constituents,
using Zn as the indicator ion. Radioactive brass was uniformly mixed with soil and appliod to
the upper 0.5 om of the soll columns. At periodic intervais the columns were scanned to
spatlally locate both the radioactivity and any downward migration. The indicators of migration
used Included peak width (PW) and peak maximum depth (PMD), as shown in Table 3.60.
The PMD valuas for the 8- and 24-week periods (note standard daviations) indicate that any
column settling occurred bafore 8 weeks. Between 24 and 48 weeks, the PMD Increased by
0.06 to 0.43 cm In the four soil treatments. In addition, the average PW values increase by 0.7
to 0.9 cm over the 40-week Intervai. This wis the result of a downward migration of solubilzed
2n. Although there are slight differencas in migration for the four solls, it is clear that the CEC
of these soils Is effective In retarding solubllized brass constituents. For Cinebar soll leached
with pH 6.5 versus 4.5 rainwater, no significant differences (P20.1) in migration are noted; this
likely indicates that the added acidity did not exceed the buffering capacity of the soll.
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JABLE 3.60. MOBILITY OF ACTIVATED BRASS FLAKE (ZINC-65) IN SQIL COLUMNS
WITH TIME. COLUMNS OF FIVE SOIL TYPES WERE SURFACE-
AMENDED WITH 0.5 cm OF ACTIVATED BRASS FLAKE, WATERED
WEEKLY TO SLIGHTLY ABOVE FIELD CAPACITY USING ARTIFICIAL
RAINWATER OF EITHER pH 6.5 OR 4.5, AND SCANNED AT PERIODIC
INTERVALS OVER A 48-WEEK PERIOD. DATA ARE AVERAGES t SD OF
COLUMNS (n = 3) AND INCLUDE PEAK WIDTH AND DISTANCE OF PEAK
CENTER MOVEMENT INTO COLUMN (cm).

Peak Poak Maximum Peak Peak Maximum Peak Peak Maximum

Rainwater Width Depth Width Depth Width Depth
pH/Soil (em) (om) (cm) (cm) {om) {em)
pH 6.5

Burbank 2.03:0.08(8  o,00(®) 2.05:0.14  -0.20:0.24 294:0.00  0.43:0.20

Palouse 2.27+0.06 0.00 2.99+0.20 +0,2640.23 3.20+0.00 0.08+0,13

Palouse/OM  2.20:0,00 0.00 2.86£0,07 +0,1410.41 3.070,00 0.33+0.30

Cinebar 2.30:0,00 0.00 3,03£0.20 0.14£0,25 3.03:0.27 0.2340.14
pH 4,5

Cinebar 2.30+0,10 0.00 3,16£0.18 «0.08+0.31 3.1110.18 0.0810.2

(%) Baseline measurement following inttiml column equilibration,
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4.0 CONCLUSIONS

The environmental fate and effects of brass were Investigated for the two principal
routes of biological exposure, airborne deposition of brass and brass/fog-oil obscurant
mixtures and brass weathering in soll. Solls were amended to simulate weathering and
potential impacts from deposition. Aerosols containing brass were generated and charac-
terized, and deposition both to foliar surfaces and to scils was determined. Impacts of
deposited brass were assessed based on their contact toxicity to vegetation. Soil amend-
ment studies were performed 1o ascartain weathering rates and to determine the effects of
different brass concentrations on plant growth and on soil microblal processes. In addition,
soil columns were used to determine whether brass weathering influenced the migration of
Cu and Zn through soll profiles.

4.1 AEROSQL CHARACTERIZATION

Brass aerosol mass concentrations ranged from 132 to 177 mg/m3 during the brass-
only (BR) wind-speed tests, were approximately 80 mg/m? during the brass range-finding
tests, and ranged from 19 to 83 mg/m? during the brass/fog oll (BR/FO) wind-speed tests.
Particle size distributions during BR and BR/FO tests were based on total particulate mass
deposited to the various stages of Andersen cascuade impactors. Measured distributions
indicate an AMMD for brass aerosols of approximatsly 5 to 8 um. Those of FO aerosols were
shown by Cataldo et al. (1989) 1o be about 2 to 3 um. In addition to having different particie
sizes, the dry brass particles have surface attraction characteristics different from the liquid FO
droplets. Thus the transport and deposition characteristics of the two obscurant aerosols
wera not expected to be similar.

4.2 RDEPOSITION VELOCITIES FOR PLANT AND SOIL SURFACES

The deposition velocity (V4) of brass alone to foliar surfaces incresses with increasing
wind speed, and rangas from 0.1 cnv/s at 0.9 m/s (2 mph) to 1.0 cm/s at 4.5 mvs (10 mph).
Interception or collection efficiency was higher for sagebrush than for the other plant species.
Values of V4 are at least one to two orders of magnitude greater than those reported for P, FO,
and HC smokes (Van voris et al. 1987; Cataldo et al. 1989, 1980a). The deposition velocity of
brass delivered as BR/FO aerosols rangea fiom 0.3 to 60 cnvs for foliar surfaces. This
velocity Is substantially greater than that observed for brass alone. Deposition to bush bean
and tall fescue follage is nearly an order of magnitude less than that for sagebrush and pines.
The co-deposition of the fog oll to the leaf surface apparently either prevented resuspension
of the deposited brass or affected brass aggiomeration, increasing its effective size and
deposition rate.
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4.3 CONTACT PHYTOTOXICITY AND BESIDUAL EFFECTS OF BR AND BR/FO AEROSQLS

Contact toxicity of brass alone wus not observed at mass loadings of up to 700 ug/em2,
equivalent to a fleld exposure of 100 mg brass/m?3 for 24 h. Exposing plants to aerosols
containing BR/FO resuited in moderate toxicity, but this is assumed to be the result of the FO,
not the brass. Brass deposition to foliage has only a short-term, minimal effect on plant gas
exchange, & result, we believe, of the shad'ng effect of foliar-deposited brass. Similarly,
reducad dry-matter production in brass-contaminated plants most likely results from the
shading effect. No residual effects of second-harvest biomass production were noted

following brass deposition, indicating that neither Cu nor Zn was significantly weathered and
follarly abesorbed.

4.4 BRAS3 SCIl AMENDMENT STUDIES

Soils were uniformily mixed with brass flake to provide treatments containing 0, 25,
100, 500, and 2500 pug brass/g dry wt soll. Thess treatments were used to assesss

solubiiization/weathering of the urass, soll lonic balance, plant impacts, and soil microbial
effects.

Sall Chemistry

Tre pH of solls decreased with increasing brass amendment level and time of
incube*..... The pH of soils increased by 0.8 to 1.0 pH units over the 440-day incubation. The
change in pH resuits either from a disruption of hydrogen ion equllit:::»1 .y solubilized
components of the brass or from the effects of brass constituents on microbia) activity.

Selective extractions were used to evaluate brass weathering and to determine the
fate of solubilized Cu and Zn. In general, the amount of extractable Cu and Zn in solls
increased by 100 days post-amendment and changed littie by 440 days. In the intervening
period, weathered Cu and Zn likely became tightly sorbed to nonexchangeable sites,
disrupting the gxtractable uantities of other ions in soil. Most noticeably, F decreases and

ammonia and nitrate concentrations increase; this likely results from a disruption on soll
microblal processes.

All soils show similarly low exchangeable Cu, while exchangeable Zn Is depressad in
Burbank and dramatically increased in the other solls. Inoryanically bound Cu
predominants in Burbank but is iass important for the other soil treatments, particularly at
lower amendment levels; inorganically bound Zn predominates in Burbank and is a major
comrpariment in Cinebar, but it is lgss important for Palouse. Copper in the organically bound
compartment is increasingly important with decreasing brass concentration, particularly for
Palouse, and Zn slightly shows a similar trend. These trends may reflect limited organic
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ligands in the solls used. Rasidual Cu is grealast for Cinebar, while residual Zn is greatest for
Burbank and for the lowar amendments of Palouse.

In general, exchangeable Cu and Zn increase with increasing brass amendment,
though the Cu component remains minor. With increasing brass, Cu increases in the
inorganically bound compartment, but Zn remains steady. Organically bound and residual
compartments show decreasing Cu and Zn with increasing brass amendment. Based on the
most severe extraction method (the hot water extraction), the highest brass amendment level
(2500 pg/g soll), and 100 days incubation, Cu solubilization amounted to 0.5, 2.0, and 3.5%
for Burbank, Paiouse, and Cinebar solls, respectively; Zn solubllization was 0.2, 1.5, and
2.7% for Burbank, Palouse, and Cinebar solls, respectively. Sinca tha rates of weathering
appear constant between 100 and 440 days, it is assumed that an equilibrium is established
between exchangeable and non exchangeable metal pools in soils.

Plant Effects

Seed-germination studies with bush bean, alfaifa, and tall fescue indicate no effects of
brass at any of the concentrations used or after up to 450 days of weathering. After 160 days
of incubation, plants developed visual toxicity symptoms, including necrosis and chlorosis.
Except for tall fescue grown on Burbank, only moderate damage was noted for concenirations
<500 ug brass/g. In general, the toxicity of brass, based on visual symptomatology, became
more sevare with increasing incubation or weathering time. Biomass production in plants
reflacted the soil concentration trends for visual symptoms, in that severe dry-weight
reductions were observed at soil concentrations of >500 ug brass/g soil. Plants grown on
low-CEC soil, namely Burbank and Palouse, exhibit effects at lower soil concentrations.

Concentrations of Cu and Zn in plant tissues are proportional to soil brass levels. In
tall fescue, shoot tissue concentrations of Cu ranged from 34 ug/g for Cinebar to 500 ug/g for
Palouse soil containing 2500 ppm brass. In comparison, Zn concentrations ranged from 900
10 6000 ug/g. In bush bean, the concentration of Cu in leaves was highest for Burbank soil
(50 ug/g), while Zn concentrations were highest in Falouse-grown plants (850 ng/g).

Analysis of the nutrient-ion concentrations of tall fescue grown on brass-amended soil
showed that the elevated soil concentrations of Cu and Zn caused the tissue concentrations
of Mg and Mn to increase by a factor of 2 to 3, levels of Fe 10 increase by a factor of 7 to 100,
and P levels to decrease by a factor of 2 to 3. This disruption in ion homeostasis can account

for tha observed phytotoxicity of brass. Similar ion imbalances were nat observed for bush
bean.
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Soil Microbial Processas

The degree of brass-flake iinpact on 8ol microbial activities depended on soil type,
brass concentration, and the microbial index studied. Soil with higher organic matter and
cation exchange capacity (Cinebar) tended to be less impacted by the brass flake than solil
with lower organic matter and CEC (Burbank), Organic matter in soils can adsorb and bind
heavy meials, the extent of which depends on pH. Soll organic matter also contributes to the
CEC of the soll, theraby further influencing the bioavalilability, and hence, toxicity of deposited
heavy metals. The greater the CEC of the 5o, the greater ls its ability to adsorb and
immobilize heavy metals and reduce their toxic effects. The CEC and organic matter of the
solls used in this study can be ranked Burbank soil < Palouse 30il s Palouse soil + OM <
Cinebar soil. Burbank soll, with i*s low CEC and low organic matter, was most impacted by
the brass-flake exposure.

Impacts on soil microbial activities increased with increasing brass concentration.
Concentrations above 500 ug/g severely inhibited several soll microbial activities, especially
soll dehydrogenase activity, which was diminished to below datection limit,

Soll dehydrogenase activity, or the activity of the goil microbial community, was more
susceptible to the toxicity of brass flake than was soil phosphatase or soil microblal biomass,
which were moderately affected by the brass flake. Soil nitrifying bacteria and total
heterotrophic bacteria in general were not significantly affectad by the brass flake. In fact,
these two indexes were slightly enhanced by the brass flake. The microbial diversity index
was significantly decreased in Burbank soil. and was moderately inhibited In Paiouse solil at
2500 pg/g brass flake. Among the soil microbial parameters studied, the impact ranking was
soll dehydrogenase activity > soil phosphatase activity > soll microbial biomass > soil

microbial population (total heterotrophic and nitrifying bacteria) » microbial species diversity
index.

The ecological dose of brass flake causing 50% inhibition (EcDyg) In soil microbial
activity increased with incubation time, indicating a general trend of recovery as a function of
time, and suggesting an Immobilization of the metals and a transient nature of the brass
effect. Weathering of brass-amended soil substantially increased organically bound copper
and zinc (sea the chemistry section of this report) and thus may have contributed to the
recovery from brass toxicity over time.

When soil was exposed to a mixaed smoke of brass flake and fog oli, the deleterlous
effect was less intanse than when soll was exposed to brass only, suggesting a beneficial
synergistic effect of fog oil.
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Effects of Brass Qn Soil Invertebrates

Brass flake deposited to soil has only a siightly deleterious effect on the earthworms at
mass-loading levels > 445 ug/cm2, This is most evident in the 4.5 m/s test, wheie the animals
appeared to lose some of their rasponsiveness to stimull (handling) by 14 days post-
exposure. However, In contrast to pravious experiments with other smokes (e.g., WP and HC
smokes; [(Van Voris et al. 1987; Cataldo et al. 1990)), where decided numbers of deaths
occurred during this period, we noted no fatalities among the populations exposed. In fact,
egg casings and juvenile hatching were noted in somae of the coupons. Exposure of
earthworms to BR/FO aerosols at mass loadings of 200 ug brass/cm? had no effect on
survivability and only moderately affected tactile activity, indicating that fog oii neither
ameliorates nor intensifias the effects of brass.

4.5 SOIL COLUMNS AND BRASS MOBILITY IN SOIL,

Brass flake was neutron-activated to produce a 852n-tagged brass and applied 1o
column surfaces to determine the mobility of weathered soluble constituants, using Zn as the
indicator ion. Analysis of migration, peak width (PW), and peak maximum depth (PMD)
clearly indicatss that appreciable downward migration of Zn, and likely Cu, does not ocour to
any great extent over the time used (440 days). Peak maximum depth incréased by 0.06 to
0.43 cm in the four soll treatments. The average PW values increase from 0.7 t& 0.9 cm.
Although slight differences in migration rates for the four soils were noted, it is clear that the
CEC of these solls effectively retards solubllized brass constituents, For Cinebar soll leached
with pH 6.5 varsus 4.5 rainwater, no significant differences (P20.1) are noted in migration; this
likely indicates that the added acidity did not exceed the buffering capacity of the soll.
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